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USE OF GELSOLIN TO DIAGNOSE AND
TREAT INFLAMMATORY DISEASES

RELATED APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 12/225,128, filed Mar. 22, 2010 (now U.S. Pat.
No. 8,198,094), which is the U.S. National stage application
of PCT International Application No. PCT/US2007/006451,
filed Mar. 15, 2007. PCT International Application No. PCT/
US2007/006451 claims the benefit under 35 U.S.C. §119(e)
of U.S. Provisional Application No. 60/782,508, filed Mar.
15, 2006. The entire content of each of the foregoing appli-
cations is incorporated herein by reference.

FIELD OF THE INVENTION

The invention is directed to diagnostic and therapeutic uses
of gelsolin.

BACKGROUND OF THE INVENTION

Inflammation is the body’s response to injury, infection, or
molecules perceived by the immune system as foreign.
Inflammation is characterized by pain, swelling and altered
function of the affected tissue. Although the ability to mount
an inflammatory response is essential for survival, the ability
to control inflammation is also necessary for health. Inflam-
matory diseases are characterized by activation of the
immune system in a tissue or an organ to abnormal levels that
may lead to abnormal function and/or disease in the tissue or
organ.

Inflammatory diseases are a major cause of morbidity and
mortality throughout the world. They affect various organs
and tissues such as blood vessels, heart, brain, nerves, joints,
skin, the lung, eye, gastrointestinal tract, kidneys, thyroid,
adrenals, the pancreas, liver, and muscle. Treatments of
inflammatory diseases have drawn a great deal of attention
from the pharmaceutical industry. A recurrent theme in dis-
cussions of treatment options for inflammatory disorders is
the inadequacy of the standard of care. Management and
treatments are seeing improvements but there are no cures.
The most common approach to treating inflammatory disor-
ders in the last decade has addressed the pro-inflammatory
role of cytokines with compounds that bind to these mol-
ecules or their receptors.

Despite recent advances, current therapies for inflamma-
tory diseases still entail alleviating symptoms and reducing
inflammation with non-specific drugs, slowing disease pro-
gression with disease-modifying agents, and improving the
quality of life with lifestyle modifications, all while contend-
ing with side effects and resistance to medications. Better
treatment options with less potential for side effects are
needed.

Because the outcome of treatment depends on a proper
diagnosis, it is important to have proper tests to diagnose
inflammatory diseases and to monitor the treatment of those
diseases. A proper diagnosis permits a physician to institute
proper and timely therapy. Proper monitoring of treatment
allows the physician to decide on the course of treatment and
to advise patients and their families about the expected dis-
ease course. Thus, there is also a strong incentive to identify
new improved tests and approaches to diagnose and to evalu-
ate treatments of inflammatory diseases.

Gelsolin, first discovered as an intracellular actin-binding
protein involved in cell motility (Yin, H. L. & Stossel, T. P.
(1979) Nature 281, 583-6), has been recently implicated in a
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number of diseases. While the true function of plasma gelso-
lin is not known, clinical and animal studies have shown that
depletion of plasma gelsolin by injury and inflammation is
associated with adverse outcomes. The proposed mechanism
of gelsolin depletion is that it binds abundant actin in cells
exposed by tissue breakdown. More recently, gelsolin was
found to bind bioactive inflammatory mediators, lysophos-
phatidic acid, diadenosine phosphate, A peptide (a peptide
implicated in the pathogenesis of Alzheimer’s disease), plate-
let-activating factor and possibly others.

SUMMARY OF THE INVENTION

Gelsolin (GSN), specifically cytoplasmic gelsolin (¢cGSN),
in addition to being an intracellular actin-binding protein
involved in cell motility, is also an abundant secretory protein
(Yin, H. L., Kwiatkowski, D. J., Mole, J. E. & Cole, F. S.
(1984) J Biol Chem 259, 5271-6). The exported isoform of
gelsolin, designated plasma gelsolin (pGSN), has 25 addi-
tional amino acids and originates from alternative splicing of
a single gene (Kwiatkowski, D. J., Stossel, T. P., Orkin, S. H.,
Mole, J. E., Cohen, H. R. & Yin, H. L. (1986) Nature 323,
455-8).

This invention is based on the surprising discovery that
plasma gelsolin levels are reduced in blood samples from
human subjects with an inflammatory disease, rheumatoid
arthritis (RA). These findings support the hypothesis that
reductions in plasma gelsolin levels reflect the primary injury
inflicted on joint tissues by the causative agency of rheuma-
toid arthritis and precede joint pain and destruction by the
resultant inflammatory process. These observations provide a
basis for treatment with gelsolin to prevent and/or suppresses
the manifestations of inflammatory diseases. One correlate of
these observations is that monitoring of plasma gelsolin lev-
els could become part of the management strategy of rheu-
matoid arthritis.

Without intending to be bound by any particular mecha-
nism or theory, it is believed that gelsolin might be exerting its
protective effect by inhibiting mediators of inflammation.
Thus, the invention is directed to methods of using gelsolin to
diagnose inflammatory diseases and to monitor the effect of
therapy. The invention also involves the use of gelsolin to treat
inflammation and inflammatory diseases.

According to one aspect of the invention, a method for
characterizing a subject’s risk profile of developing a future
inflammatory disease (e.g., rheumatoid arthritis in some pre-
ferred embodiments) is provided. The method comprises
obtaining a level of gelsolin in the subject and comparing the
level of the gelsolin to a predetermined value. The subject’s
risk profile of developing an inflammatory disease (e.g., rheu-
matoid arthritis) is characterized based upon the level of
gelsolin in comparison to the predetermined value. A level of
gelsolin at or below the predetermined level is indicative that
the subject is at an elevated risk of developing the inflamma-
tory disease and a level of gelsolin at or above the predeter-
mined level is indicative that the subject is not at an elevated
risk of developing the inflammatory disease.

In some embodiments, the method further comprises per-
forming one or more tests to evaluate the inflammatory dis-
ease. Evaluating an inflammatory disease may involve mea-
suring a level of a marker of inflammation in the subject.
Examples of markers of inflammation include but are not
limited to CRP, soluble intercellular adhesion molecule (sI-
CAM-1), ICAM 3, BL-CAM, LFA-2, VCAM-1, NCAM,
PECAM, fibrinogen, serum amyloid A (SAA), lipoprotein
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associated phospholipase A2 (LpPl1A2), sCD40 ligand
(sCD40L), myeloperoxidase, Interleukin-6 (IL-6), or Inter-
leukin-8 (IL-8).

According to another aspect of the invention, a method for
characterizing a subject’s risk profile of developing a future
inflammatory disease (e.g., theumatoid arthritis in preferred
embodiments) is provided. The method comprises obtaining
alevel of gelsolin in the subject and comparing the level of the
gelsolin to a first predetermined value to establish a first risk
value. A level of a second marker of inflammation in the
subject is obtained and the level of the second marker of
inflammation is compared to a second predetermined value to
establish a second risk value. The subject’s risk profile of
developing the inflammatory disease is characterized based
upon the combination of the first risk value and the second
risk value, wherein the combination of the first risk value and
second risk value establishes a third risk value different from
said first and second risk values.

In some embodiments, the subject is an apparently healthy
subject.

In some embodiments, the first predetermined value may
be a plurality of predetermined gelsolin level ranges, one of a
plurality of ranges being below about 250 mg/L. of plasma and
another of said ranges being above about 250 mg/L. of plasma,
and the comparing step comprises determining in which of
said plurality of predetermined gelsolin level ranges said
subject’s gelsolin level falls.

According to another aspect of the invention, a method for
treating a subject having or at risk of developing an inflam-
matory disease (e.g., rheumatoid arthritis in preferred
embodiments) is provided. The method comprises adminis-
tering an effective amount of gelsolin to the subject in need of
such a treatment to treat the subject.

According to another aspect of the invention, a method for
treating a subject having or at risk of developing an inflam-
matory disease (e.g., rheumatoid arthritis in preferred
embodiments) is provided. The method comprises adminis-
tering an effective amount of gelsolin to the subject in need of
such a treatment to raise the level of gelsolin in the subject
above a predetermined value.

In some embodiments, the subject is otherwise free of
indications calling for treatment with gelsolin. The gelsolin
preferrably is administered orally, sublingually, buccally,
intranasally, intravenously, intramuscularly, intraarticularly,
intraperitoneally, subcutaneously, or topically. The gelsolin
may be administered prophylactically.

In some embodiments, the treatment methods further com-
prise administering a second agent for treating the inflamma-
tory disease (e.g., theumatoid arthritis in preferred embodi-
ments). Examples of agents for treating the inflammatory
disease include but are not limited to Alclofenac, Alclometa-
sone Dipropionate, Algestone Acetonide, Alpha Amylase,
Ameinafal, Amcinafide, Amfenac Sodium, Amiprilose
Hydrochloride, Anakinra, Anirolac, Anitrazafen, Apazone,
Balsalazide Disodium, Bendazac, Benoxaprofen, Benzy-
damine Hydrochloride, Bromelains, Broperamole, Budes-
onide, Carprofen, Cicloprofen, Cintazone, Cliprofen, Clobe-
tasol Propionate, Clobetasone Butyrate, Clopirac,
Cloticasone Propionate, Cormethasone Acetate, Cortodox-
one, Cyclooxygenase-2 (COX-2) inhibitor, Deflazacort, Des-
onide, Desoximetasone, Dexamethasone Dipropionate,
Diclofenac Potassium, Diclofenac, Sodium, Diflorasone
Diacetate, Diflumidone Sodium, Diflunisal, Difluprednate,
Diftalone, Dimethyl Sulfoxide, Drocinonide, Endrysone,
Enlimornab, Enolicam Sodium, Epirizole, Etodolac, Etofe-
namate, Felbinac, Fenamole, Fenbufen, Fenclofenac, Fenclo-
rac, Fendosal, Fenpipalone, Fentiazac, Flozalone, Fluaza-
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cort, Flufenamic Acid, Flurnizole, Flunisolide Acetate,
Flunixin, Flunixin Meglumine, Fluocortin Butyl, Fluo-
rometholone Acetate, Fluquazone, Flurbiprofen, Fluretofen,
Fluticasone Propionate, Furaprofen, Furobufen, Halcinon-
ide, Halobetasol Propionate, Halopredone Acetate, Ibufenac,
Ibuprofen, Ibuprofen Aluminum, Ibuprofen Piconol,
Tlonidap, Indomethacin, Indomethacin Sodium, Indoprofen,
Indoxole, Intrazole, Isoflupredone Acetate, Isoxepac, Isoxi-
cam, Ketoprofen, Lofemizole Hydrochloride, Lornoxicam,
Loteprednol Etabonate, Meclofenamate Sodium, Meclofe-
namic Acid, Meclorisone Dibutyrate, Mefenamic Acid,
Mesalamine, Meseclazone, Methylprednisolone Suleptan-
ate, Morniflumate, Nabumetone, Naproxen, Naproxen
Sodium, Naproxol, Nimazone, Olsalazine Sodium, Orgotein,
Orpanoxin, Ozxaprozin, Oxyphenbutazone, Paranyline
Hydrochloride, Pentosan Polysulfate Sodium, Phenbutazone
Sodium Glycerate, Pirfenidone, Piroxicam, Piroxicam Cin-
namate, Piroxicam Olamine, Pirprofen, Prednazate, Prife-
lone, Prodolic Acid, Proquazone, Proxazole, Proxazole Cit-
rate, Rimexolone, Romazarit, Salcolex, Salnacedin,
Salsalate, Sanguinarium Chloride, Seclazone, Sermetacin,
Sudoxicam, Sulindac, Suprofen, Talmetacin, Talniflumate,
Talosalate, Tebufelone, Tenidap, Tenidap Sodium, Tenoxi-
cam, Tesicam, Tesimide, Tetrydamine, Tiopinac, Tixocortol
Pivalate, Tolmetin, Tolmetin Sodium, Triclonide, Triflumi-
date, Zidometacin, or Zomepirac Sodium.

Anti-inflammatory agents also include Cyclooxygenase-2
(COX-2) inhibitors. Cyclooxygenase is an enzyme complex
present in most tissues that produces various prostaglandins
and thromboxanes from arachidonic acid. Non-steroidal,
antiinflammatory drugs exert most of their antiinflammatory,
analgesic and antipyretic activity and inhibit hormone-in-
duced uterine contractions and certain types of cancer growth
through inhibition of the cyclooxygenase (also known as
prostaglandin G/H synthase and/or prostaglandin-endoper-
oxide synthase). Initially, only one form of cyclooxygenase
was known, the “constitutive enzyme” or cyclooxygenase-1
(COX-1). It was originally identified in bovine seminal
vesicles.

Cyclooxygenase-2 (COX-2) has been cloned, sequenced
and characterized initially from chicken, murine and human
sources (See, e.g., U.S. Pat. No. 5,543,297, issued Aug. 6,
1996 to Cromlish, et al., and assigned to Merck Frosst
Canada, Inc., Kirkland, Calif., entitled: “Human cyclooxyge-
nase-2 cDNA and assays for evaluating cyclooxygenase-2
activity”). This enzyme is distinct from the COX-1. COX-2, is
rapidly and readily inducible by a number of agents including
mitogens, endotoxin, hormones, cytokines and growth fac-
tors. As prostaglandins have both physiological and patho-
logical roles, it is believed that the constitutive enzyme, COX-
1,1s responsible, in large part, for endogenous basal release of
prostaglandins and hence is important in their physiological
functions such as the maintenance of gastrointestinal integ-
rity and renal blood flow. By contrast, it is believed that the
inducible form, COX-2, is mainly responsible for the patho-
logical effects of prostaglandins where rapid induction of the
enzyme would occur in response to such agents as inflamma-
tory agents, hormones, growth factors, and cytokines. There-
fore, it is believed that a selective inhibitor of COX-2 has
similar antiinflammatory, antipyretic and analgesic proper-
ties to a conventional non-steroidal antiinflammatory drug,
and in addition inhibits hormone-induced uterine contrac-
tions and also has potential anti-cancer effects, but with
reduced side effects. In particular, such COX-2 inhibitors are
believed to have a reduced potential for gastrointestinal tox-
icity, a reduced potential for renal side effects, a reduced
effect on bleeding times and possibly a decreased potential to
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induce asthma attacks in aspirin-sensitive asthmatic subjects,
and are therefore useful according to the present invention.

A number of selective COX-2 inhibitors are known in the
art. Examples of selective COX-2 inhibitors include, for
example, celecoxib (Celebrex®), valdecoxib (Bextra®) and
rofecoxib (Vioxx®). Selective COX-2 inhibitors also
include, but are not limited to, COX-2 inhibitors described in
U.S. Pat. No. 5,474,995 “Phenyl heterocycles as COX-2
inhibitors; U.S. Pat. No. 5,521,213 “Diaryl bicyclic hetero-
cycles as inhibitors of cyclooxygenase-2”; U.S. Pat. No.
5,536,752 “Phenyl heterocycles as COX-2 inhibitors™; U.S.
Pat. No. 5,550,142 “Phenyl heterocycles as COX-2 inhibi-
tors”; U.S. Pat. No. 5,552,422 “Aryl substituted 5,5 fused
aromatic nitrogen compounds as anti-inflammatory agents”;
U.S. Pat. No. 5,604,253 “N-benzylindol-3-yl propanoic acid
derivatives as cyclooxygenase inhibitors”; U.S. Pat. No.
5,604,260 “5-methanesulfonamido-1-indanones as an inhibi-
tor of cyclooxygenase-2"; U.S. Pat. No. 5,639,780 N-benzyl
indol-3-yl butanoic acid derivatives as cyclooxygenase
inhibitors”; U.S. Pat. No. 5,677,318 Diphenyl-1,2-3-thiadia-
zoles as anti-inflammatory agents™; U.S. Pat. No. 5,691,374
“Diaryl-5-oxygenated-2-(SH)-furanones as COX-2 inhibi-
tors”; U.S. Pat. No. 5,698,584 “3 4-diaryl-2-hydroxy-2,5-di-
hydrofurans as prodrugs to COX-2 inhibitors™; U.S. Pat. No.
5,710,140 “Phenyl heterocycles as COX-2 inhibitors™; U.S.
Pat. No. 5,733,909 “Diphenyl stilbenes as prodrugs to COX-2
inhibitors”; U.S. Pat. No. 5,789,413 “Alkylated styrenes as
prodrugs to COX-2 inhibitors™; U.S. Pat. No. 5,817,700
“Bisaryl cyclobutenes derivatives as cyclooxygenase inhibi-
tors”; U.S. Pat. No. 5,849,943 “Stilbene derivatives useful as
cyclooxygenase-2 inhibitors”; U.S. Pat. No. 5,861,419 “Sub-
stituted pyridines as selective cyclooxygenase-2 inhibitors™;
U.S. Pat. No. 5,922,742 “Pyridinyl-2-cyclopenten-1-ones as
selective cyclooxygenase-2 inhibitors™; U.S. Pat. No. 5,925,
631 “Alkylated styrenes as prodrugs to COX-2 inhibitors™; all
of which are commonly assigned to Merck Frosst Canada,
Inc. (Kirkland, Calif.). Additional COX-2 inhibitors are also
described in U.S. Pat. No. 5,643,933, assigned to G. D.
Searle & Co. (Skokie, Ill.), entitled: “Substituted sulfo-
nylphenylheterocycles as cyclooxygenase-2 and 5-lipoxyge-
nase inhibitors.”

A number of the above-identified COX-2 inhibitors are
prodrugs of selective COX-2 inhibitors, and exert their action
by conversion in vivo to the active and selective COX-2
inhibitors. The active and selective COX-2 inhibitors formed
from the above-identified COX-2 inhibitor prodrugs are
described in detail in WO 95/00501, published Jan. 5, 1995,
WO 95/18799, published Jul. 13, 1995 and U.S. Pat. No.
5,474,995, issued Dec. 12, 1995. Given the teachings of U.S.
Pat. No. 5,543,297, entitled: “Human cyclooxygenase-2
c¢DNA and assays for evaluating cyclooxygenase-2 activity,”
aperson of ordinary skill in the art would be able to determine
whether an agent is a selective COX-2 inhibitor or a precursor
of'a COX-2 inhibitor, and therefore part of the present inven-
tion.

In some embodiments, the method further comprises
administering a second agent for treating rheumatoid arthri-
tis. Examples of agents for treating rheumatoid arthritis
include but are not limited to hydroxychloroquine (Plaque-
nil), chloroquine (Aralen), methotrexate, sulfasalazine (Azu-
Ifidine), Leflunomide (Arava), azathioprine (Imuran), peni-
cillamine (Cuprimine or Depen), Gold salts (Ridaura or
Aurolate), minocycline (Dynacin or Minocin), cyclosporine
(Neoral or Sandimmune) cyclophosphamide (Cytoxan or
Neosar), Etanercept (Enbrel), Infliximab (Remicade), Ahak-
inra (Kineret) or Adalimumab (Humira).
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According to another aspect of the invention, a method for
treating a subject to reduce the risk of an inflammatory dis-
ease (e.g., theumatoid arthritis in preferred embodiments) is
provided. The method comprises selecting a subject on the
basis that the subject is known to have a below-normal level of
gelsolin and administering to the subject an effective amount
of gelsolin and/or a second agent to reduce the risk of the
subject developing the inflammatory disease (e.g., theuma-
toid arthritis in preferred embodiments).

According to another aspect of the invention, a method for
treating a subject to reduce the risk of an inflammatory dis-
ease (e.g., theumatoid arthritis in preferred embodiments) is
provided. The method comprises selecting a subject on the
basis that the subject is known to have a below-normal level of
gelsolin and administering an effective amount of gelsolin
and/or a second agent to the subject to raise the level of
gelsolin in the subject above a predetermined value.

In some embodiments, the method further comprises
administering to the subject a second agent for treating the
inflammatory disease (e.g., theumatoid arthritis in preferred
embodiments). Examples of agents for treating the inflam-
matory disease and rheumatoid arthritis are listed above.

According to yet another aspect of the invention, a method
for treating a subject with a below-normal level of gelsolin is
provided. The method comprises treating the subject with a
first therapy for treating or reducing the risk of an inflamma-
tory disease (e.g., theumatoid arthritis in preferred embodi-
ments). A level of gelsolin in the subject is obtained. The level
of'gelsolin is compared to a predetermined value correspond-
ing to a predetermined level of gelsolin (e.g., in an apparently
healthy control population). If the predetermined level of
gelsolin is not reached, the subject is treated with a second
agent for treating or reducing the risk of the inflammatory
disease (e.g., theumatoid arthritis in preferred embodiments)
until the predetermined level of gelsolin is reached.

A “below-normal level of gelsolin” is a gelsolin level is at
least 10% less than the measured mean level for a given
population of subjects. The mean gelsolin level can depend
upon the particular population of subjects. For example, an
apparently healthy population will have a different “normal”
range of gelsolin than will a population of subjects which
have had a prior condition. In some embodiments, the gelso-
lin level is at least 10% less than the measured mean level for
a given population of subjects. In other embodiments, the
gelsolin level is at least 20% less than the measured mean
level for a given population of subjects. In still other embodi-
ments, the gelsolin level is at least 30%, 40%, 50%, 60%,
70%, 80%, 90%, 95%, 99% or 100% less than the measured
mean level for a given population of subjects. In one of the
embodiments, the gelsolin level is below about 250 mg/L of
plasma. In other important embodiments, the gelsolin level is
below about 2.4 uM/L (micromoles/Liter) of plasma.

In some embodiments the subject is otherwise free of indi-
cations calling for treatment with the agent. When the agent is
gelsolin, a subject free of indications calling for treatment
with gelsolin is a subject who has no signs or symptoms
calling for treatment with gelsolin. Gelsolin is indicated for
the treatment of sepsis and infections. Gelsolin is also indi-
cated for the treatment of actin-related disorders such as
Adult Respiratory Distress Syndrome (ARDS), fulminant
hepatic necrosis, acute renal failure, muscle injury, disorders
characterized by elevated levels of BUN and/or creatinine.
Actin-related disorders are known to those of ordinary skill in
the art.

In other embodiments, the subject is apparently healthy. As
used herein an “apparently healthy subject” is a subject who
has no signs and/or symptoms of a disease.
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According to another aspect of the invention, a method for
evaluating the efficacy of a therapy for treating or reducing the
risk of an inflammatory disease (e.g., rheumatoid arthritis in
preferred embodiments) in a subject is provided. The method
comprises obtaining a level of gelsolin in a subject undergo-
ing therapy with an agent to treat or reduce the risk of inflam-
matory disease (e.g., rheumatoid arthritis in preferred
embodiments). The level of gelsolin obtained is compared to
a predetermined value corresponding to a level of gelsolin
(e.g., in an apparently healthy control population). A deter-
mination of whether the level of gelsolin is above the prede-
termined level is indicative of whether the therapy is effica-
cious. In some embodiments, obtaining a level of the gelsolin
is repeated so as to monitor the subject’s level of the gelsolin
over time.

The therapy may be with gelsolin, Alclofenac, Alclometa-
sone Dipropionate, Algestone Acetonide, Alpha Amylase,
Amcinafal, Amcinafide, Amfenac Sodium, Amiprilose
Hydrochloride, Anakinra, Anirolac, Anitrazafen, Apazone,
Balsalazide Disodium, Bendazac, Benoxaprofen, Benzy-
damine Hydrochloride, Bromelains, Broperamole, Budes-
onide, Carprofen, Cicloprofen, Cintazone, Cliprofen, Clobe-
tasol Propionate, Clobetasone Butyrate, Clopirac,
Cloticasone Propionate, Cormethasone Acetate, Cortodox-
one, Cyclooxygenase-2 (COX-2) inhibitor, Deflazacort, Des-
onide, Desoximetasone, Dexamethasone Dipropionate,
Diclofenac Potassium, Diclofenac Sodium, Diflorasone
Diacetate, Diflumidone Sodium, Diflunisal, Difluprednate,
Diftalone, Dimethyl Sulfoxide, Drocinonide, Endrysone,
Enlimomab, Enolicam Sodium, Epirizole, Etodolac, Etofe-
namate, Felbinac, Fenamole, Fenbufen, Fenclofenac, Fenclo-
rac, Fendosal, Fenpipalone, Fentiazac, Flazalone, Fluazacort,
Flufenamic Acid, Flumizole, Flunisolide Acetate, Flunixin,
Flunixin Meglumine, Fluocortin Butyl, Fluorometholone
Acetate, Fluquazone, Flurbiprofen, Fluretofen, Fluticasone
Propionate, Furaprofen, Furobufen, Halcinonide, Halobeta-
sol Propionate, Halopredone Acetate, Ibufenac, Ibuprofen,
Ibuprofen Aluminum, Ibuprofen Piconol, Ilonidap,
Indomethacin, Indomethacin. Sodium, Indoprofen, Indoxole,
Intrazole, Isoflupredone Acetate, Isoxepac, Isoxicam, Keto-
profen, Lofemizole Hydrochloride, Lornoxicam, Lotepred-
nol Etabonate, Meclofenamate Sodium, Meclofenarnic Acid,
Meclorisone Dibutyrate, Mefenamic Acid, Mesalamine,
Meseclazone, Methylprednisolone Suleptanate, Morniflu-
mate, Nabumetone, Naproxen, Naproxen Sodium, Naproxol,
Nimazone, Olsalazine Sodium, Orgotein, Orpanoxin,
Oxaprozin, Oxyphenbutazone, Paranyline Hydrochloride,
Pentosan Polysulfate Sodium, Phenbutazone Sodium Glyc-
erate, Pirfenidone, Piroxicam, Piroxicam Cinnamate, Piroxi-
cam Olamine, Pirprofen, Prednazate, Prifelone, Prodolic
Acid, Proquazone, Proxazole, Proxazole Citrate, Rimex-
olone, Romazarit, Salcolex, Salnacedin, Salsalate, Sangui-
narium Chloride, Seclazone, Sermetacin, Sudoxicam, Sulin-
dac, Suprofen, Talmetacin, Talniflumate, Talosalate,
Tebufelone, Tenidap, Tenidap Sodium, Tenoxicam, Tesicam,
Tesimide, Tetrydamine, Tiopinac, Tixocortol Pivalate, Tol-
metin, Tolmetin Sodium, Triclonide, Triflumidate, Zidometa-
cin, Zomepirac Sodium, hydroxychloroquine (Plaquenil),
chloroquine (Aralen), methotrexate, sulfasalazine (Azulfi-
dine), Leflunomide (Arava), azathioprine (Imuran), penicil-
lamine (Cuprimine or Depen), Gold salts (Ridaura or Auro-
late), minocycline (Dynacin or Minocin), cyclosporine
(Neoral or Sandimmune) cyclophosphamide (Cytoxan or
Neosar), Etanercept (Enbrel), Infliximab (Remicade), Anak-
inra (Kineret) or Adalimurnab (Humira).

According to still another aspect of the invention, a method
for deciding on the course of a therapy in a subject is pro-
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vided. The method comprises obtaining a level of gelsolin in
a subject undergoing a therapy to treat or reduce the risk of an
inflammatory disease (e.g., theumatoid arthritis in preferred
embodiments). The level of gelsolin is compared to a prede-
termined value corresponding to alevel of gelsolin (e.g., in an
apparently healthy control population). Whether the level of
gelsolin obtained is at or above or at or below the predeter-
mined level is determined and the course of therapy is decided
based on such determination. In some embodiments, obtain-
ing alevel of gelsolin is repeated so as to monitor the subject’s
level of gelsolin over time.

The following embodiments apply to various aspects of the
invention set forth herein unless indicated otherwise.

The inflammatory disease may be arthritis, rheumatoid
arthritis, asthma, inflammatory bowel disease (Crohn’s dis-
ease or ulcerative colitis), chronic obstructive pulmonary dis-
ease (COPD), allergic rhinitis, vasculitis (polyarteritis
nodosa, temporal arteritis, Wegener’s granulomatosus, Taka-
yasu’s arteritis, or Behcet syndrome), inflammatory neuropa-
thy, psoriasis, systemic lupus erythematosis (SLE), chronic
thyroiditis, Hashimoto’s thyroiditis, Addison’s disease, poly-
myalgia rheumatica, Sjogren’s syndrome, or Churg-Strauss
syndrome. In some important embodiments, the inflamma-
tory disease is rheumatoid arthritis.

The level of gelsolin may be in a body fluid of the subject.
Examples of body fluids include but are not limited to blood,
plasma, serum, urine, synovial fluid, or alveolar fluid.

The level of gelsolin may be in a body tissue of the subject.
The body tissue may be joint, gastrointestinal, thyroid, adre-
nal, vascular, pulmonary, renal, cardiac, skin, ocular, brain
pancreatic, liver, nerve, or muscle tissue. In some embodi-
ments, the subject is an apparently healthy subject.

In some embodiments, the predetermined value is 250
mg/L. of plasma or lower. In some embodiments, the prede-
termined value of gelsolin is about 240 mg/T, 230 mg/L, 220
mg/L, 210 mg/L, 200 mg/L, 190 mg/L, 180 mg/L, 170 mg/L,,
160 mg/L, 150 mg/L, 140 mg/L, 130 mg/L,, 120 mg/L, 110
mg/L, 100 mg/L,, 90 mg/L, 80 mg/L, 70 mg/L., 60 mg/L., 50
mg/L, 40 mg/L, 30 mg/L, 20 mg/L, or 10 mg/L of plasma or
lower.

In some other embodiments, the predetermined valueis 2.4
uM/L of plasma or lower. In some embodiments, the prede-
termined value of gelsolin is about 2.3 uM/L, 2.2 uM/L, 2.1
uM/L, 2.0 uM/L, 1.9 pM/L, 1.8 pM/L, 1.7 pM/L, 1.6 uM/L,
1.5 uM/L, 1.4 uM/L, 1.3 uM/L, 1.2 uM/L, 1.1 pM/L, 1.0
uM/L, 0.9 uM/L, 0.8 uM/L, 0.7 uM/L, 0.6 uM/L, 0.5 uM/L,
0.4 uM/L, 0.3 uM/L, 0.2 uM/L of plasma or lower.

Each of the limitations of the invention can encompass
various embodiments of the invention. It is, therefore, antici-
pated that each of the limitations of the invention involving
any one element or combinations of elements can be included
in each aspect of the invention. The invention is capable of
other embodiments and of being practiced or of being carried
out in various ways. Also, the phraseology and terminology
used herein is for the purpose of description and should not be
regarded as limiting. The use of “including”, “comprising”,
or “having”, “containing”, “involving”, and variations
thereof herein, is meant to encompass the items listed there-
after and equivalents thereof as well as additional items.

These and other aspects of the inventions, as well as various
advantages and utilities will be apparent with reference to the
Detailed Description of the Invention. Each aspect of the
invention can encompass various embodiments as will be
understood.
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All documents identified in this application are incorpo-
rated in their entirety herein by reference.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.1is ahistogram showing that plasma gelsolin (pGSN)
concentration is decreased in patients with rheumatoid arthri-
tis (RA) compared to healthy controls and lower in synovial
fluid than in blood in patients with RA.

FIG. 2 is an immunoblot with an antibody specific for the
plasma isoform of gelsolin showing that the gelsolin present
in the synovial fluid (SF) of RA patients is composed mainly
of the plasma isoform.

FIG. 3 is a set of histograms showing that plasma gelsolin
(pGSN) concentrations are decreased in mouse models of
septic arthritis: A) Staphylococcus aureus (S. aureus) induced
arthritis, B) sepsis induced by Staphylococcus aureus (S.
aureus) and C) Streptococcus agalactiae (Str. agalactiae)
induced septic arthritis. The decrease occurred at the earliest
time-point tested (two days post-inoculation).

It is to be understood that the drawings are not required for
enablement of the invention.

DETAILED DESCRIPTION OF THE INVENTION

This invention is based on the surprising discovery that
plasma gelsolin levels are reduced in blood samples from
human subjects with an inflammatory disease, rheumatoid
arthritis (RA). It is hypothesized that plasma gelsolin levels
fall in response to the initial (unknown) injury inflicted by the
agency causing RA. Therefore, peripheral gelsolin replace-
ment can ameliorate the secondary injury mediated by vari-
ous inflammatory cells. It is believed that the pattern of gelso-
lin depletion to predict disease and the use of gelsolin to treat
disease is true for inflammatory diseases in general.

Thus, the invention involves, in some aspects, administer-
ing gelsolinto a subject to treat an inflammatory disease in the
subject. The term “treat” or “treatment” is intended to include
prophylaxis, amelioration, prevention or cure from the dis-
ease.

As used herein the term “subject” means any mammal that
may be in need of treatment. Subjects include but are not
limited to: humans, non-human primates, cats, dogs, sheep,
pigs, horses, cows, rodents such as mice, hamsters, and rats.
Preferred subjects are human subjects.

As used herein the term “gelsolin” encompasses wild type
gelsolin (GenBank accession No.: X04412), isoforms, ana-
logs, variants, fragments or functional derivatives of gelsolin.

Gelsolin (GSN), unlike other mammalian proteins, has
both cytoplasmic (¢cGSN) and secreted or exported isoforms,
also called plasma gelsolin (pGSN), which are derived by
alternative splicing of the message from a single gene (Sun et
al. J. Biol. Chem. 274:33179-33182 (1999)). As used herein,
gelsolin isoforms include versions of gelsolin with some
small differences in their amino acid sequences, usually a
splice variant or the result of some posttranslational modifi-
cation.

Gelsolin encompasses native as well as synthetic and
recombinant gelsolin and gelsolin analogs. Gelsolin is an
abundant secretory protein (Yin, H. L., Kwiatkowski, D. J.,
Mole, J. E. & Cole, F. S. (1984) J Biol Chem 259, 5271-6).
The exported isoform of gelsolin, pGSN, has 25 additional
amino acids and originates from alternative splicing of a
single gene (Kwiatkowski, D. I, Stossel, T. P., Orkin, S. H.,
Mole, J. E., Cohen, H. R. & Yin, H. L. (1986) Nature 323,
455-8). Recombinant human gelsolin (thGSN) (Biogen
IDEC, Inc., Cambridge, Mass.) is produced in E. coli, and
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though it has the same primary structure as the native protein,
under standard conditions of purification, it differs from natu-
ral human plasma gelsolin by a disulfide bond that is present
in the natural protein. The recombinant protein is, therefore,
properly oxidized after purification, and its structure and
functions are indistinguishable from human plasma gelsolin
(Wen et. al., Biochemistry 35:9700-9709 (1996)). In some of
the important therapeutic aspects and embodiments of the
invention, the use of rhGSN is preferred. In some of the
important diagnostic aspects and embodiments of the inven-
tion, the use of pGSN is preferred.

A “gelsolin analog” refers to a compound substantially
similar in function to either the native gelsolin or to a frag-
ment thereof. Gelsolin analogs include biologically active
amino acid sequences substantially similar to the gelsolin
sequences and may have substituted, deleted, elongated,
replaced, or otherwise modified sequences that possess bio-
activity substantially similar to that of gelsolin. For example,
an analog of gelsolin is one which does not have the same
amino acid sequence as gelsolin but which is sufficiently
homologous to gelsolin so as to retain the bioactivity of
gelsolin. Bioactivity can be determined, for example, by
determining the properties of the gelsolin analog and/or by
determining the ability of the gelsolin analog to treat or pre-
vent rheumatoid arthritis. One example of a gelsolin bioac-
tivity assay is gelsolin’s ability to stimulate actin nucleation.
Gelsolin bioactivity assays are described in the Example and
are known to those of ordinary skill in the art.

A “fragment” is meant to include any portion of a gelsolin
molecule which provides a segment of gelsolin which main-
tains the bioactivity of gelsolin; the term is meant to include
gelsolin fragments which are made from any source, such as,
for example, from naturally-occurring peptide sequences,
synthetic or chemically-synthesized peptide sequences, and
genetically engineered peptide sequences.

A “variant” of gelsolin is meant to refer to a compound
substantially similar in structure and bioactivity either to
native gelsolin, or to a fragment thereof. The term variant
encompasses the gelsolin family of proteins. The gelsolin
family of proteins is a group of actin binding proteins sharing
repeats of about 15 kDa homologous domains that adopt a
similar fold. Examples gelsolin family proteins include but
are not limited to advillin, villin, capG, flightless proteins,
fragmin, severin, adseverin, protovillin, and supervillin.

A “functional derivative” of gelsolin is a derivative which
possesses a bioactivity that is substantially similar to the
bioactivity of gelsolin. By “substantially similar” is meant
activity which is quantitatively different but qualitatively the
same. For example, a functional derivative of gelsolin could
contain the same amino acid backbone as gelsolin but also
contains other modifications such as post-translational modi-
fications such as, for example, bound phospholipids, or
covalently linked carbohydrate, depending on the necessity
of such modifications for the performance of the diagnostic
assay or therapeutic treatment. As used herein, the term is also
meant to include a chemical derivative of gelsolin. Such
derivatives may improve gelsolin’s solubility, absorption,
biological halflife, etc. The derivatives may also decrease the
toxicity of gelsolin, or eliminate or attenuate any undesirable
side effect of gelsolin, etc. Chemical moieties capable of
mediating such effects are disclosed in Remington’s Pharma-
ceutical Sciences (1980). Procedures for coupling such moi-
eties to a molecule such as gelsolin are well known in the art.
The term “functional derivative” is intended to include the
“fragments,” “variants,” “analogues,” or “chemical deriva-
tives” of gelsolin.
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The invention involves in some aspects, methods for treat-
ing an inflammatory disease (e.g., rheumatoid arthritis in
preferred embodiments) in a subject. The subject is known to
have, is suspected of having, or is at risk of having the inflam-
matory disease. The gelsolin is administered in an amount
effective to treat the inflammatory disease in the subject.

A response to a treatment method of the invention can, for
example, be measured by determining the physiological
effects of the treatment, such as the decrease or lack of symp-
toms following administration of the treatment.

In another aspect of the invention, a method for monitoring
therapy in a subject is provided. The method involves obtain-
ing a level of gelsolin in a subject undergoing therapy to treat
an inflammatory disease (e.g., rheumatoid arthritis in pre-
ferred embodiments). The level of gelsolin is compared to a
predetermined value corresponding to a control level of
gelsolin (e.g., in an apparently healthy population). A deter-
mination of whether the level of gelsolin is at or below a
predetermined level is indicative of whether the subject
would benefit from continued therapy with the same therapy
or would benefit from a change in therapy. In some embodi-
ments, obtaining a level of gelsolin is repeated so as to moni-
tor the subject’s levels of gelsolin over time. In some embodi-
ments, the subject may have been undergoing the therapy for
atleast 1,2,3,4,5,6,7,8,9, 10, 11, 12 weeks or more. In
some embodiments, the subject may have been undergoing
the therapy for at least 3, 4, 5, 6 months, or more.

A change in therapy with gelsolin refers to an increase in
the dose of the gelsolin, a switch from one gelsolin to another
gelsolin, a switch from gelsolin to another agent, the addition
of another agent to the gelsolin therapeutic regimen, or a
combination thereof.

According to another aspect of the invention, a method for
evaluating the efficacy of a therapy for treating or reducing the
risk of an inflammatory disease (e.g., rheumatoid arthritis in
preferred embodiments) is provided. The method involves
obtaining a level of gelsolin in a subject undergoing therapy to
treat the inflammatory disease. The level of gelsolin is com-
pared to a predetermined value corresponding to a control
level of gelsolin (e.g., in an apparently healthy population). A
determination that the level of gelsolin is at or above a pre-
determined level is indicative that the therapy is efficacious.
In some embodiments, the subject may have been undergoing
the therapy for at leastat least 1,2,3,4,5,6,7,8,9,10,11, 12
weeks or more. In some embodiments, the subject may have
been undergoing the therapy for at least 3, 4, 5, 6 months, or
more.

One aspect of the invention is directed to the measurement
of'gelsolin to guide treatments in order to improve outcome in
subjects. On-therapy levels of gelsolin have predictive value
for response to treatments of an inflammatory disease (e.g.,
rheumatoid arthritis in preferred embodiments). The
on-therapy levels of gelsolin are additive to prior art predic-
tors of outcome of the disease.

Subjects who would benefit from this aspect of this inven-
tion are subjects who are undergoing therapy to treat or pre-
vent the inflammatory disease such as, for example, rheuma-
toid arthritis (i.e., a subject “on-therapy”). A subject
on-therapy is a subject who already has been diagnosed and is
in the course of treatment with a therapy for treating an
inflammatory disease such as rheumatoid arthritis. The
therapy can be any of the therapeutic agents referred to herein.
The therapy also can be non-drug treatments. In important
embodiments, the therapy is one which increases levels of
gelsolin. In a particularly important embodiment, the therapy
is a therapy with gelsolin. Preferred subjects are human sub-
jects. The subject most likely to benefit from this invention is
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a human subject on-therapy and who has a gelsolin level at or
below about 250 mg/L (or 2.4 uM/L) of plasma.

In some embodiments, the subject already has the disease.
In some embodiments, the subject may be at an elevated risk
of having the disease.

Risk factors for diseases are known to those of ordinary
skill inthe art. For example, risk factors for rheumatoid arthri-
tis include: age (between 25 and 45 years), female gender,
Caucasian or native American ethnicity, obesity, and a posi-
tive family history. The degree of risk of rheumatoid arthritis
depends on the multitude and the severity or the magnitude of
the risk factors that the subject has. Risk charts and prediction
algorithms are available for assessing the risk of inflamma-
tory diseases such as rheumatoid arthritis in a subject based
on the presence and severity of risk factors. In some embodi-
ments, the subject who is at an elevated risk of having the
inflammatory disease may be an apparently healthy subject.
An apparently healthy subjectis a subject who has no signs or
symptoms of disease.

Other methods of assessing the risk of an inflammatory
disease in a subject are known by those of ordinary skill in the
art.

The preferred treatment of the instant invention is gelsolin.
Gelsolin may be administered alone, in a pharmaceutical
composition or combined with other therapeutic regimens.
Gelsolin and optionally other therapeutic agent(s) may be
administered simultaneously or sequentially. When the other
therapeutic agents are administered simultaneously they can
be administered in the same or separate formulations, but are
administered at the same time. The other therapeutic agents
may be administered sequentially with one another and with
gelsolin when the administration of the other therapeutic
agents and the gelsolin is temporally separated. The separa-
tion in time between the administration of these compounds
may be a matter of minutes or it may be longer.

In practicing certain methods of the present invention, it is
required to obtain a level of gelsolin in a subject. This level
then is compared to a predetermined value, wherein the level
of gelsolin in comparison to the predetermined value is
indicative of the likelihood that the subject will benefit from
continued therapy. The subject then can be characterized in
terms of the net benefit likely to be obtained from a change in
therapy.

The level of the gelsolin for the subject can be obtained by
any art recognized method. Typically, the level is determined
by measuring the level of gelsolin in a body fluid, for
example, blood, serum, plasma, lymph, saliva, urine, synovial
fluid and the like. The level can be determined by ELISA, or
other immunoassays or other conventional techniques for
determining the presence of gelsolin. Conventional methods
may include sending a sample(s) of a subject’s body fluid to
a commercial laboratory for measurement. Methods for mea-
suring gelsolin are described in the Example.

The invention also involves comparing the level of gelsolin
for the subject with a predetermined value. The predeter-
mined value can take a variety of forms. It can be single
cut-off value, such as a median or mean. It can be established
based upon comparative groups, such as, for example, where
the risk in one defined group is double the risk in another
defined group. It can be a range, for example, where the tested
population is divided equally (or unequally) into groups, such
as a low-risk group, a medium-risk group and a high-risk
group, or into quartiles, the lowest quartile being subjects
with the highest risk and the highest quartile being subjects
with the lowest risk, or into tertiles the lowest tertile being
subjects with the highest risk and the highest tertile being
subjects with the lowest risk. The predetermined value may
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be a cut-off value which is predetermined by the fact that a
group having a gelsolin level no less than the cut-off value
demonstrates a statistically significant increase in the risk of
developing an inflammatory disease (e.g., rheumatoid arthri-
tis in preferred embodiments) as compared to a comparative
group. In some embodiments the comparative group is a
group having a lower level of gelsolin.

The predetermined value can depend upon the particular
population of subjects selected. For example, an apparently
healthy population may have a different ‘normal’ range of
gelsolin than will populations of subjects which have other
conditions. Accordingly, the predetermined values selected
may take into account the category in which a subject falls.
Appropriate ranges and categories can be selected with no
more than routine experimentation by those of ordinary skill
in the art. The preferred body fluid is blood. In some embodi-
ments, the predetermined value of gelsolin is about 250 mg/L,
of'plasma or lower. In some embodiments, the predetermined
value of gelsolin is about 240 mg/L, 230 mg/L., 220 mg/1., 210
mg/L, 200 mg/L, 190 mg/L, 180 mg/L, 170 mg/L, 160 mg/L.,
150 mg/L,, 140 mg/L, 130 mg/L, 120 mg/T,, 110 mg/L, 100
mg/L, 90 mg/I, 80 mg/L,, 70 mg/L., 60 mg/L,, 50 mg/L, 40
mg/L, 30 mg/L, 20 mg/L, or 10 mg/L, of plasma or lower.

In some embodiments, the predetermined value of gelsolin
is about 2.4 uM/L of plasma or lower. In some embodiments,
the predetermined value of gelsolin is about 2.3 pM/L, 2.2
uM/L, 2.1 uM/L, 2.0 uM/L, 1.9 pM/L, 1.8 pM/L, 1.7 uM/L,
1.6 uM/L, 1.5 pM/L, 1.4 uM/L, 1.3 uM/L, 1.2 pM/L, 1.1
uM/L, 1.0 uM/L, 0.9 uM/L, 0.8 uM/L, 0.7 uM/L, 0.6 pM/L,
0.5 uM/L, 0.4 uM/L, 0.3 uM/L, 0.2 uM/L of plasma or lower.

An important predetermined value of gelsolin is a value
that is the average for a healthy subject population (i.e., sub-
jects who have no signs and symptoms of disease). The pre-
determined value will depend, of course, upon the character-
istics of the subject population in which the subject lies. In
characterizing risk, numerous predetermined values can be
established.

Presently, there are commercial sources which produce
reagents for assays for gelsolin. These include, for example,
Cytoskeleton (Denver, Colo.), Sigma (St. Louis, Mo.) and
Calbiochem (San Diego, Calif.)

In some embodiments, the invention further comprises
measuring the level of gelsolin together with a level of a
second marker of an inflammatory disease (e.g., theumatoid
arthritis in preferred embodiments). Markers for inflamma-
tory diseases are known to those of ordinary skill in the art and
examples of which are described above. Examples of markers
for rheumatoid arthritis include, for example, anti cyclic cit-
rullinated peptide (anti-CCP) antibodies, HLA-DR4, and
C-reactive protein (CRP). A level of gelsolin in the subject is
obtained. The level of gelsolin is compared to a predeter-
mined value to establish a first risk value. A level of the
second marker inflammatory disease in the subject is also
obtained. The level of the second marker inflammatory dis-
ease in the subject is compared to a second predetermined
value to establish a second risk value. The subject’s risk
profile of developing the inflammatory disease (e.g., rheuma-
toid arthritis in preferred embodiments) then is characterized
based upon the combination of the first risk value and the
second risk value, wherein the combination of the first risk
value and second risk value establishes a third risk value
different from the first and second risk values. In some
embodiments, the third risk value is greater than either of the
first and second risk values. The preferred subjects for testing
and predetermined values are as described above. The disease
may be any of the inflammatory disease described above.
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The invention provides methods for determining whether a
subject will benefit from continued therapy or would benefit
from a change in therapy. The benefit is typically a reduction
in the signs and symptoms or a faster recovery from the
manifestations of the disease. Signs, symptoms and manifes-
tations of disease are known to those of ordinary skill in the
art. For example, in rheumatoid arthritis, signs and symptoms
of the disease include pain, swelling and tenderness in the
affected joint(s).

These methods have important implications for patient
treatment and also for the clinical development of new thera-
pies. Determining whether a subject will benefit from contin-
ued therapy or would benefit from a change in therapy is
clinically useful. One example of clinical usefulness of the
methods of this invention includes identitying subjects who
are less likely or more likely to respond to a therapy. The
methods of the invention are also useful in predicting or
determining that a subject would benefit from continued
therapy or would benefit from a change in therapy. Health
care practitioners select therapeutic regimens for treatment
based upon the expected net benefit to the subject. The net
benefit is derived from the risk to benefit ratio. The present
invention permits the determination of whether a subject will
benefit from continued therapy or would benefit from a
change in therapy, thereby aiding the physician in selecting a
therapy.

Another example of clinical usefulness, in the case of
human subjects for example, includes aiding clinical investi-
gators in the selection for clinical trials of subjects with a high
likelihood of obtaining a net benefit. It is expected that clini-
cal investigators now will use the present invention for deter-
mining entry criteria for clinical trials.

A subject who would benefit from continued therapy is a
subject whose on-therapy level of gelsolin reaches a certain
predetermined value or whose level of gelsolin is increasing.
Predetermined values of gelsolin are described above. A sub-
ject who would benefit from a change in therapy is a subject
whose on-therapy level of the gelsolin did not reach a certain
predetermined value or whose on-therapy level of gelsolin is
not increasing.

As used herein, a “change in therapy” refers to an increase
or decrease in the dose of the existing therapy, a switch from
one therapy to another therapy, an addition of another therapy
to the existing therapy, or a combination thereof. A switch
from one therapy to another may involve a switch to a therapy
with a high risk profile but where the likelihood of expected
benefit is increased. In some embodiments, preferred thera-
pies are therapies that increase the levels of gelsolin. A subject
who would benefit from a change in therapy by increasing the
dose of the existing therapy is a subject who, for example, was
on the therapy but was not receiving the maximum tolerated
dose or the maximum allowed dose of the therapy and whose
level of gelsolin did not reach a certain predetermined value.
In such instances the dose of the existing therapy is increased
until the level of gelsolin reaches a certain predetermined
value. In some instances, the dose of the existing therapy is
increased from the existing dose to a higher dose that is not the
maximum tolerated dose nor the maximum allowed dose of
the therapy. In other instances, the dose is increased to the
maximum tolerated or to the maximum allowed dose of the
therapy. A subject who would benefit from a change in
therapy by decreasing the dose of the existing therapy is, for
example, a subject whose on-therapy level of gelsolin reaches
or can reach a certain predetermined value with a lower dose
of the therapy.

A subject who would benefit from a switch from one
therapy to another therapy is, for example, a subject who was
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on the maximum tolerated dose or the maximum allowed
dose of the therapy and whose level of gelsolin did not reach
a certain predetermined value. Another example is a subject
was not on the maximum tolerated or the maximum allowed
dose of the therapy but was determined by a health care
practitioner to more likely benefit from another therapy. Such
determinations are based, for example, on the development in
the subject of unwanted side effects on the initial therapy or a
lack of response to the initial therapy.

A subject who would benefit from a change in therapy by
the addition of another therapy to the existing therapy is, for
example, a subject who was on a therapy but whose level of
gelsolin did not reach a certain predetermined value. In such
instances, another therapy is added to the existing therapy.
The therapy that is added to the existing therapy can have a
different mechanism of action in increasing the level of gelso-
lin than the existing therapy. In some instances, a combination
of the aforementioned changes in therapy may be used.

The invention also provides methods for determining the
efficacy of a therapy. The efficacy is typically the efficacy of
the therapy in increasing the level of gelsolin. This is some-
times also referred to as a positive response or a favorable
response. Efficacy can be determined by a gelsolin blood
test(s) to determine whether gelsolin levels are increased as a
result of therapy. In some embodiments efficacy determina-
tion is based on the efficacy of a therapy in increasing both
gelsolin and normalizing levels of markers of inflammation
and/or normalizing white blood cell (WBC) counts.

The gelsolin measurement is typically reported in pM/L
(micromoles/Liter), mg/dl (milligrams/deciliter), or mg/L.
(milligrams/Liter).

The invention also provides methods for deciding on the
course of a therapy in a subject undergoing therapy for an
inflammatory disease such as rheumatoid arthritis. Such a
course of therapy is decided on the basis of the level of
gelsolin. In some embodiments, the subject already has the
disease or is at risk of having the inflammatory disease. In
some embodiments, the subject is at an elevated risk ot having
the inflammatory disease the subject has one or more risk
factors to have the disease.

The amount of a treatment may be varied for example by
increasing or decreasing the amount of gelsolin or pharma-
cological agent or a therapeutic composition, by changing the
therapeutic composition administered, by changing the route
of administration, by changing the dosage timing and so on.
The eftective amount will vary with the particular condition
being treated, the age and physical condition of the subject
being treated, the severity of the condition, the duration of the
treatment, the nature of the concurrent therapy (if any), the
specific route of administration, and like factors are within the
knowledge and expertise of the health practitioner. For
example, an effective amount can depend upon the duration
the individual has had the inflammatory disease.

An effective amount is a dosage of the therapeutic agent
sufficient to provide a medically desirable result. An effective
amount may also, for example, depend upon the degree to
which an individual has abnormally decreased levels of
gelsolin. It should be understood that the therapeutic agents of
the invention are used to treat or prevent the inflammatory
disease (such as rheumatoid arthritis), that is, they may be
used prophylactically in subjects at risk of developing the
inflammatory disease (such as rheumatoid arthritis). Thus, an
effective amount is that amount which can lower the risk of,
slow or perhaps prevent altogether the development of the
inflammatory disease (such as rheumatoid arthritis). [t will be
recognized when the therapeutic agent is used in acute cir-

10

15

20

25

30

35

40

45

50

55

60

65

16

cumstances, it is used to prevent one or more medically unde-
sirable results that typically flow from such adverse events.

The factors involved in determining an effective amount
are well known to those of ordinary skill in the art and can be
addressed with no more than routine experimentation. It is
generally preferred that a maximum dose of the pharmaco-
logical agents of the invention (alone or in combination with
other therapeutic agents) be used, that is, the highest safe dose
according to sound medical judgment. It will be understood
by those of ordinary skill in the art however, that a patient may
insistupon a lower dose or tolerable dose for medical reasons,
psychological reasons or for virtually any other reasons.

The therapeutically effective amount of a pharmacological
agent of the invention is that amount effective to treat the
inflammatory disease. For example, in the case of rheumatoid
arthritis, the desired response is inhibiting the progression of
rheumatoid arthritis. This may involve only slowing the pro-
gression of rheumatoid arthritis temporarily, although more
preferably, it involves halting the progression of the rheuma-
toid arthritis permanently. This can be monitored by routine
diagnostic methods known to those of ordinary skill in the art.
The desired response to treatment of theumatoid arthritis also
can be delaying the onset or even preventing the onset of
rheumatoid arthritis.

The pharmacological agents used in the methods of the
invention are preferably sterile and contain an effective
amount of gelsolin for producing the desired response in a
unit of weight or volume suitable for administration to a
subject. The doses of pharmacological agents administered to
a subject can be chosen in accordance with different param-
eters, in particular in accordance with the mode of adminis-
tration used and the state of the subject. Other factors include
the desired period of treatment. In the event that a response in
a subject is insufficient at the initial doses applied, higher
doses (or effectively higher doses by a different, more local-
ized delivery route) may be employed to the extent that
patient tolerance permits. The dosage of a pharmacological
agent may be adjusted by the individual physician or veteri-
narian, particularly in the event of any complication. A thera-
peutically effective amount typically varies from 0.01 mg/kg
to about 1000 mg/kg, preferably from about 0.1 mg/kg to
about 500 mg/kg, and most preferably from about 0.2 mg/kg
to about 250 mg/kg, in one or more dose administrations
daily, for one or more days.

Gelsolin and optionally other therapeutics may be admin-
istered per se or in the form of a pharmaceutically acceptable
salt.

Various modes of administration are known to those of
ordinary skill in the art which effectively deliver the pharma-
cological agents of the invention to a desired tissue, cell, or
bodily fluid. The administration methods are discussed else-
where in the application. The invention is not limited by the
particular modes of administration disclosed herein. Standard
references in the art (e.g., Remington’s Pharmaceutical Sci-
ences, 20th Edition, Lippincott, Williams and Wilkins, Balti-
more Md., 2001) provide modes of administration and for-
mulations for delivery of various pharmaceutical
preparations and formulations in pharmaceutical carriers.
Other protocols which are useful for the administration of
pharmacological agents of the invention will be known to one
of'ordinary skill in the art, in which the dose amount, schedule
of administration, sites of administration, mode of adminis-
tration and the like vary from those presented herein.

Administration of pharmacological agents of the invention
to mammals other than humans, e.g. for testing purposes or
veterinary therapeutic purposes, is carried out under substan-
tially the same conditions as described above. It will be under-
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stood by one of ordinary skill in the art that this invention is
applicable to both human and animal diseases. Thus, this
invention is intended to be used in husbandry and veterinary
medicine as well as in human therapeutics.

When administered, the pharmaceutical preparations of
the invention are applied in pharmaceutically-acceptable
amounts and in pharmaceutically-acceptable compositions.
The term “pharmaceutically acceptable” means a non-toxic
material that does not interfere with the effectiveness of the
biological activity of the active ingredients. Such prepara-
tions may routinely contain salts, buffering agents, preserva-
tives, compatible carriers, and optionally other therapeutic
agents. When used in medicine, the salts should be pharma-
ceutically acceptable, but non-pharmaceutically acceptable
salts may conveniently be used to prepare pharmaceutically-
acceptable salts thereof and are not excluded from the scope
of the invention. Such pharmacologically and pharmaceuti-
cally-acceptable salts include, but are not limited to, those
prepared from the following acids: hydrochloric, hydrobro-
mic, sulfuric, nitric, phosphoric, maleic, acetic, salicylic, cit-
ric, formic, malonic, succinic, and the like. Also, pharmaceu-
tically-acceptable salts can be prepared as alkaline metal or
alkaline earth salts, such as sodium, potassium or calcium
salts.

A pharmacological agent or composition may be com-
bined, if desired, with a pharmaceutically-acceptable carrier.
The term “pharmaceutically-acceptable carrier” as used
herein means one or more compatible solid or liquid fillers,
diluents or encapsulating substances which are suitable for
administration into a human. The term “carrier” denotes an
organic or inorganic ingredient, natural or synthetic, with
which the active ingredient is combined to facilitate the appli-
cation. The components of the pharmaceutical compositions
also are capable of being co-mingled with the pharmacologi-
cal agents of the invention, and with each other, in a manner
such that there is no interaction which would substantially
impair the desired pharmaceutical efficacy.

The pharmaceutical compositions may contain suitable
buffering agents, as described above, including: acetate,
phosphate, citrate, glycine, borate, carbonate, bicarbonate,
hydroxide (and other bases) and pharmaceutically acceptable
salts of the foregoing compounds. The pharmaceutical com-
positions also may contain, optionally, suitable preservatives,
such as: benzalkonium chloride, chlorobutanol, parabens and
thimerosal.

The pharmaceutical compositions may conveniently be
presented in unit dosage form and may be prepared by any of
the methods well known in the art of pharmacy. All methods
include the step of bringing the active agent into association
with a carrier, which constitutes one or more accessory ingre-
dients. In general, the compositions are prepared by uni-
formly and intimately bringing the active compound into
association with a liquid carrier, a finely divided solid carrier,
or both, and then, if necessary, shaping the product.

The compounds, when it is desirable to deliver them sys-
temically, may be formulated for parenteral administration by
injection, e.g., by bolus injection or continuous infusion.
Formulations for injection may be presented in unit dosage
form, e.g., in ampoules or in multi-dose containers, with an
added preservative. The compositions may take such forms as
suspensions, solutions or emulsions in oily or aqueous
vehicles, and may contain formulatory agents such as sus-
pending, stabilizing and/or dispersing agents.

Pharmaceutical formulations for parenteral administration
include aqueous solutions of the active compounds in water-
soluble form. Additionally, suspensions of the active com-
pounds may be prepared as appropriate oily injection suspen-
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sions. Suitable lipophilic solvents or vehicles include fatty
oils such as sesame oil, or synthetic fatty acid esters, such as
ethyl oleate or triglycerides, or liposomes. Aqueous injection
suspensions may contain substances which increase the vis-
cosity of the suspension, such as sodium carboxymethyl cel-
Iulose, sorbitol, or dextran. Optionally, the suspension may
also contain suitable stabilizers or agents which increase the
solubility of the compounds to allow for the preparation of
highly concentrated solutions.

Alternatively, the active compounds may be in powder
form for constitution with a suitable vehicle (e.g., saline,
buffer, or sterile pyrogen-free water) before use.

Compositions suitable for oral administration may be pre-
sented as discrete units, such as capsules, tablets, pills, loz-
enges, each containing a predetermined amount of the active
compound (e.g., gelsolin). Other compositions include sus-
pensions in aqueous liquids or non-aqueous liquids such as a
syrup, elixir, an emulsion, or a gel.

Pharmaceutical preparations for oral use can be obtained as
solid excipient, optionally grinding a resulting mixture, and
processing the mixture of granules, after adding suitable aux-
iliaries, if desired, to obtain tablets or dragee cores. Suitable
excipients are, in particular, fillers such as sugars, including
lactose, sucrose, mannitol, sorbitol or cellulose preparations
such as, for example, maize starch, wheat starch, rice starch,
potato starch, gelatin, gum tragacanth, methyl cellulose,
hydroxypropylmethyl-cellulose, sodium carboxymethylcel-
Iulose, and/or polyvinylpyrrolidone (PVP). If desired, disin-
tegrating agents may be added, such as the cross-linked poly-
vinyl pyrrolidone, agar, or alginic acid or a salt thereof'such as
sodium alginate. Optionally the oral formulations may also be
formulated in saline or buffers, i.e. EDTA for neutralizing
internal acid conditions or may be administered without any
carriers.

Also specifically contemplated are oral dosage forms of the
above component or components. The component or compo-
nents may be chemically modified so that oral delivery of the
derivative is efficacious. Generally, the chemical modifica-
tion contemplated is the attachment of at least one moiety to
the component molecule itself, where said moiety permits (a)
inhibition of proteolysis; and (b) uptake into the blood stream
from the stomach or intestine. Also desired is the increase in
overall stability of the component or components and
increase in circulation time in the body. Examples of such
moieties include: polyethylene glycol, copolymers of ethyl-
ene glycol and propylene glycol, carboxymethyl cellulose,
dextran, polyvinyl alcohol, polyvinyl pyrrolidone and
polyproline. Abuchowski and Davis, 1981, “Soluble Poly-
mer-Enzyme Adducts” In: Enzymes as Drugs, Hocenberg and
Roberts, eds., Wiley-Interscience, New York, N.Y., pp. 367-
383; Newmark, et al., 1982, J. Appl. Biochem. 4:185-189.
Other polymers that could be used are poly-1,3-dioxolane and
poly-1,3,6-tioxocane. Preferred for pharmaceutical usage, as
indicated above, are polyethylene glycol moieties.

For the component (or derivative) the location of release
may be the stomach, the small intestine (the duodenum, the
jejunum, or the ileum), or the large intestine. One skilled in
the art has available formulations which will not dissolve in
the stomach, yet will release the material in the duodenum or
elsewhere in the intestine. Preferably, the release will avoid
the deleterious effects of the stomach environment, either by
protection of gelsolin or by release of the biologically active
material beyond the stomach environment, such as in the
intestine.

To ensure full gastric resistance a coating impermeable to
at least pH 5.0 is essential. Examples of the more common
inert ingredients that are used as enteric coatings are cellulose
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acetate trimellitate (CAT), hydroxypropylmethylcellulose
phthalate (HPMCP), HPMCP 50, HPMCP 55, polyvinyl
acetate phthalate (PVAP), Eudragit L.30D, Aquateric, cellu-
lose acetate phthalate (CAP), Eudragit L, Eudragit S, and
Shellac. These coatings may be used as mixed films.

A coating or mixture of coatings can also be used on
tablets, which are not intended for protection against the
stomach. This can include sugar coatings, or coatings which
make the tablet easier to swallow. Capsules may consist of a
hard shell (such as gelatin) for delivery of dry therapeutic i.e.
powder; for liquid forms, a soft gelatin shell may be used. The
shell material of cachets could be thick starch or other edible
paper. For pills, lozenges, molded tablets or tablet triturates,
moist massing techniques can be used.

The therapeutic can be included in the formulation as fine
multi-particulates in the form of granules or pellets of particle
size about 1 mm. The formulation of the material for capsule
administration could also be as a powder, lightly compressed
plugs or even as tablets. The therapeutic could be prepared by
compression.

Colorants and flavoring agents may all be included. For
example, gelsolin may be formulated (such as by liposome or
microsphere encapsulation) and then further contained within
an edible product, such as a refrigerated beverage containing
colorants and flavoring agents.

One may dilute or increase the volume of the therapeutic
with an inert material. These diluents could include carbohy-
drates, especially mannitol, lactose, anhydrous lactose, cel-
lulose, sucrose, modified dextrans and starch. Certain inor-
ganic salts may be also be used as fillers including calcium
triphosphate, magnesium carbonate and sodium chloride.
Some commercially available diluents are Fast-Flo, Emdex,
STA-Rx 1500, Emcompress and Avicell.

Disintegrants may be included in the formulation of the
therapeutic into a solid dosage form. Materials used as disin-
tegrants include but are not limited to starch, including the
commercial disintegrant based on starch, Explotab. Sodium
starch glycolate, Amberlite, sodium carboxymethylcellulose,
ultramylopectin, sodium alginate, gelatin, orange peel, acid
carboxymethyl cellulose, natural sponge and bentonite may
all beused. Another form of the disintegrants are the insoluble
cationic exchange resins. Powdered gums may be used as
disintegrants and as binders and these can include powdered
gums such as agar, Karaya or tragacanth. Alginic acid and its
sodium salt are also useful as disintegrants.

Binders may be used to hold the therapeutic agent together
to form a hard tablet and include materials from natural prod-
ucts such as acacia, tragacanth, starch and gelatin. Others
include methyl cellulose (MC), ethyl cellulose (EC) and car-
boxymethyl cellulose (CMC). Polyvinyl pyrrolidone (PVP)
and hydroxypropylmethyl cellulose (HPMC) could both be
used in alcoholic solutions to granulate the therapeutic.

An anti-frictional agent may be included in the formulation
of the therapeutic to prevent sticking during the formulation
process. Lubricants may be used as a layer between the thera-
peutic and the die wall, and these can include but are not
limited to; stearic acid including its magnesium and calcium
salts, polytetrafluoroethylene (PTFE), liquid paraffin, veg-
etable oils and waxes. Soluble lubricants may also be used
such as sodium lauryl sulfate, magnesium lauryl sulfate,
polyethylene glycol of various molecular weights, Carbowax
4000 and 6000.

Glidants that might improve the flow properties of the drug
during formulation and to aid rearrangement during compres-
sion might be added. The glidants may include starch, talc,
pyrogenic silica and hydrated silicoaluminate.
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To aid dissolution of the therapeutic into the aqueous envi-
ronment a surfactant might be added as a wetting agent.
Surfactants may include anionic detergents such as sodium
lauryl sulfate, dioctyl sodium sulfosuccinate and dioctyl
sodium sulfonate. Cationic detergents might be used and
could include benzalkonium chloride or benzethomium chlo-
ride. The list of potential non-ionic detergents that could be
included in the formulation as surfactants are lauromacrogol
400, polyoxyl 40 stearate, polyoxyethylene hydrogenated
castor oil 10, 50 and 60, glycerol monostearate, polysorbate
40, 60, 65 and 80, sucrose fatty acid ester, methyl cellulose
and carboxymethyl cellulose. These surfactants could be
present in the formulation of gelsolin either alone or as a
mixture in different ratios.

Pharmaceutical preparations which can be used orally
include push-fit capsules made of gelatin, as well as soft,
sealed capsules made of gelatin and a plasticizer, such as
glycerol or sorbitol. The push-fit capsules can contain the
active ingredients in admixture with filler such as lactose,
binders such as starches, and/or lubricants such as talc or
magnesium stearate and, optionally, stabilizers. In soft cap-
sules, the active compounds may be dissolved or suspended in
suitable liquids, such as fatty oils, liquid paraftin, or liquid
polyethylene glycols. In addition, stabilizers may be added.

Microspheres formulated for oral administration may also
be used. Such microspheres have been well defined in the art.
All formulations for oral administration should be in dosages
suitable for such administration.

For buccal administration, the compositions may take the
form of tablets or lozenges formulated in conventional man-
ner.

For administration by inhalation, the compounds for use
according to the present invention may be conveniently deliv-
ered in the form of an aerosol spray presentation from pres-
surized packs or a nebulizer, with the use of a suitable pro-
pellant, eg., dichlorodifluoromethane,
trichlorofluoromethane, dichlorotetrafluoroethane, carbon
dioxide or other suitable gas. In the case of a pressurized
aerosol the dosage unit may be determined by providing a
valve to deliver a metered amount. Capsules and cartridges of
e.g. gelatin for use in an inhaler or insufflator may be formu-
lated containing a powder mix of the compound and a suitable
powder base such as lactose or starch.

Also contemplated herein is pulmonary delivery of gelso-
lin. Gelsolin is delivered to the lungs of a mammal while
inhaling and traverses across the lung epithelial lining to the
blood stream. Other reports of inhaled molecules include
Adjei et al., 1990, Pharmaceutical Research, 7:565-569;
Adjei et al., 1990, International Journal of Pharmaceutics,
63:135-144 (leuprolide acetate); Braquet etal., 1989, Journal
of Cardiovascular Pharmacology, 13(suppl. 5):143-146 (en-
dothelin-1); Hubbard et al., 1989, Annals of Internal Medi-
cine, Vol. I11, pp. 206-212 (al -antitrypsin); Smith et al., 1989,
J. Clin. Invest. 84:1145-1146 (al-proteinase); Oswein et al.,
1990, “Aerosolization of Proteins”, Proceedings of Sympo-
sium on Respiratory Drug Delivery II, Keystone, Colo.,
March, (recombinant human growth hormone); Debs et al.,
1988, J. Immunol. 140:3482-3488 (interferon-y and tumor
necrosis factor alpha) and Platz et al., U.S. Pat. No. 5,284,656
(granulocyte colony stimulating factor). A method and com-
position for pulmonary delivery of drugs for systemic effect is
described in U.S. Pat. No. 5,451,569, issued Sep. 19, 1995 to
Wong et al.

Contemplated for use in the practice of this invention are a
wide range of mechanical devices designed for pulmonary
delivery of therapeutic products; including but not limited to
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nebulizers, metered dose inhalers, and powder inhalers, all of
which are familiar to those skilled in the art.

Some specific examples of commercially available devices
suitable for the practice of this invention are the Ultravent
nebulizer, manufactured by Mallinckrodt, Inc., St. Louis,
Mo.; the Acorn II nebulizer, manufactured by Marquest
Medical Products, Englewood, Colo.; the Ventolin metered
dose inhaler, manufactured by Glaxo Inc., Research Triangle
Park, N.C.; and the Spinhaler powder inhaler, manufactured
by Fisons Corp., Bedford, Mass.

All such devices require the use of formulations suitable
for the dispensing of gelsolin. Typically, each formulation is
specific to the type of device employed and may involve the
use of an appropriate propellant material, in addition to the
usual diluents, adjuvants and/or carriers useful in therapy.
Also, the use of liposomes, microcapsules or microspheres,
inclusion complexes, or other types of carriers is contem-
plated. Chemically modified gelsolin may also be prepared in
different formulations depending on the type of chemical
modification or the type of device employed.

Formulations suitable for use with a nebulizer, either jet or
ultrasonic, will typically comprise gelsolin dissolved in water
ata concentration of about 0.1 to 25 mg of biologically active
gelsolin per mL of solution. The formulation may also
include a buffer and a simple sugar (e.g., for gelsolin stabili-
zation and regulation of osmotic pressure). The nebulizer
formulation may also contain a surfactant, to reduce or pre-
vent surface induced aggregation of the gelsolin caused by
atomization of the solution in forming the aerosol.

Formulations for use with a metered-dose inhaler device
will generally comprise a finely divided powder containing
the gelsolin suspended in a propellant with the aid of a sur-
factant. The propellant may be any conventional material
employed for this purpose, such as a chlorofluorocarbon, a
hydrochlorofluorocarbon, a hydrofluorocarbon, or a hydro-
carbon, including trichlorofluoromethane, dichlorodifluo-
romethane, dichlorotetrafluoroethanol, and 1,1,1,2-tetrafluo-
roethane, or combinations thereof. Suitable surfactants
include sorbitan trioleate and soya lecithin. Oleic acid may
also be useful as a surfactant.

Formulations for dispensing from a powder inhaler device
will comprise a finely divided dry powder containing gelsolin
and may also include a bulking agent, such as lactose, sorbi-
tol, sucrose, or mannitol in amounts which facilitate dispersal
of the powder from the device, e.g., 50 to 90% by weight of
the formulation. The gelsolin should most advantageously be
prepared in particulate form with an average particle size of
less than 10 mm (or microns), most preferably 0.5 to 5 mm,
for most effective delivery to the distal lung.

Nasal (or intranasal) delivery of a pharmaceutical compo-
sition of the present invention is also contemplated. Nasal
delivery allows the passage of a pharmaceutical composition
of the present invention to the blood stream directly after
administering the therapeutic product to the nose, without the
necessity for deposition of the product in the lung. Formula-
tions for nasal delivery include those with dextran or cyclo-
dextran.

For nasal administration, a useful device is a small, hard
bottle to which a metered dose sprayer is attached. In one
embodiment, the metered dose is delivered by drawing the
pharmaceutical composition of the present invention solution
into a chamber of defined volume, which chamber has an
aperture dimensioned to aerosolize and aerosol formulation
by forming a spray when a liquid in the chamber is com-
pressed. The chamber is compressed to administer the phar-
maceutical composition of the present invention. In a specific
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embodiment, the chamber is a piston arrangement. Such
devices are commercially available.

Alternatively, a plastic squeeze bottle with an aperture or
opening dimensioned to aerosolize an aerosol formulation by
forming a spray when squeezed is used. The opening is usu-
ally found in the top of the bottle, and the top is generally
tapered to partially fit in the nasal passages for efficient
administration of the aerosol formulation. Preferably, the
nasal inhaler will provide a metered amount of the aerosol
formulation, for administration of a measured dose of the
drug.

The compounds may also be formulated in rectal or vaginal
compositions such as suppositories or retention enemas, e.g.,
containing conventional suppository bases such as cocoa but-
ter or other glycerides.

In addition to the formulations described previously, the
compounds may also be formulated as a depot preparation.
Such long acting formulations may be formulated with suit-
able polymeric or hydrophobic materials (for example as an
emulsion in an acceptable oil) or ion exchange resins, or as
sparingly soluble derivatives, for example, as a sparingly
soluble salt.

The pharmaceutical compositions also may comprise suit-
able solid or gel phase carriers or excipients. Examples of
such carriers or excipients include but are not limited to
calcium carbonate, calcium phosphate, various sugars,
starches, cellulose derivatives, gelatin, and polymers such as
polyethylene glycols.

Suitable liquid or solid pharmaceutical preparation forms
are, for example, aqueous or saline solutions for inhalation,
microencapsulated, encochleated, coated onto microscopic
gold particles, contained in liposomes, nebulized, aerosols,
pellets for implantation into the skin, or dried onto a sharp
object to be scratched into the skin. The pharmaceutical com-
positions also include granules, powders, tablets, coated tab-
lets, (micro)capsules, suppositories, syrups, emulsions, sus-
pensions, creams, drops or preparations with protracted
release of active compounds, in whose preparation excipients
and additives and/or auxiliaries such as disintegrants, binders,
coating agents, swelling agents, lubricants, flavorings, sweet-
eners or solubilizers are customarily used as described above.
The pharmaceutical compositions are suitable for use in a
variety of drug delivery systems. For a brief review of meth-
ods for drug delivery, see Langer, Science 249:1527-1533,
1990, which is incorporated herein by reference.

The therapeutic agent(s), including specifically but not
limited to gelsolin, may be provided in particles. Particles as
used herein means nano or microparticles (or in some
instances larger) which can consist in whole or in part of
gelsolin or the other therapeutic agent(s) as described herein.
The particles may contain the therapeutic agent(s) in a core
surrounded by a coating, including, but not limited to, an
enteric coating. The therapeutic agent(s) also may be dis-
persed throughout the particles. The therapeutic agent(s) also
may be adsorbed into the particles. The particles may be of
any order release kinetics, including zero order release, first
order release, second order release, delayed release, sustained
release, immediate release, and any combination thereof; etc.
The particle may include, in addition to the therapeutic
agent(s), any of those materials routinely used in the art of
pharmacy and medicine, including, but not limited to, erod-
ible, nonerodible, biodegradable, or nonbiodegradable mate-
rial or combinations thereof. The particles may be microcap-
sules which contain the gelsolin in a solution or in a semi-
solid state. The particles may be of virtually any shape.

Both non-biodegradable and biodegradable, polymeric
materials can be used in the manufacture of particles for
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delivering the therapeutic agent(s). Such polymers may be
natural or synthetic polymers. The polymer is selected based
on the period of time over which release is desired. Bioadhe-
sive polymers of particular interest include bioerodible
hydrogels described by H. S. Sawhney, C. F. Pathak and J. A.
Hubell in Macromolecules, (1993) 26:581-587, the teachings
of which are incorporated herein. These include polyhyalu-
ronic acids, casein, gelatin, glutin, polyanhydrides, poly-
acrylic acid, alginate, chitosan, poly(methyl methacrylates),
poly(ethyl methacrylates), poly(butylmethacrylate), poly
(isobutyl methacrylate), poly(hexylmethacrylate), poly(iso-
decyl methacrylate), poly(lauryl methacrylate), poly(phenyl
methacrylate), poly(methyl acrylate), poly(isopropyl acry-
late), poly(isobutyl acrylate), and poly(octadecyl acrylate).

The therapeutic agent(s) may be contained in controlled
release systems. The term “controlled release” is intended to
refer to any drug-containing formulation in which the manner
and profile of drug release from the formulation are con-
trolled. This refers to immediate as well as non-immediate
release formulations, with non-immediate release formula-
tions including but not limited to sustained release and
delayed release formulations. The term “sustained release”
(also referred to as “extended release™) is used in its conven-
tional sense to refer to a drug formulation that provides for
gradual release of a drug over an extended period of time, and
that preferably, although not necessarily, results in substan-
tially constant blood levels of a drug over an extended time
period. The term “delayed release™ is used in its conventional
sense to refer to a drug formulation in which there is a time
delay between administration of the formulation and the
release of the drug therefrom. “Delayed release” may or may
notinvolve gradual release of drug over an extended period of
time, and thus may or may not be “sustained release.”

Use of a long-term sustained release implant may be par-
ticularly suitable for treatment of chronic conditions. “Long-
term” release, as used herein, means that the implant is con-
structed and arranged to deliver therapeutic levels of the
active ingredient for at least 7 days, and preferably 30-60
days. Long-term sustained release implants are well-known
to those of ordinary skill in the art and include some of the
release systems described above.

For topical administration to the eye, nasal membranes,
mucous membranes or to the skin, the gelsolin may be for-
mulated as ointments, creams or lotions, or as a transdermal
patch or intraocular insert or iontophoresis. For example,
ointments and creams can be formulated with an aqueous or
oily base alone or together with suitable thickening and/or
gelling agents. Lotions can be formulated with an aqueous or
oily base and, typically, further include one or more emulsi-
fying agents, stabilizing agents, dispersing agents, suspend-
ing agents, thickening agents, or coloring agents. (See, e.g.,
U.S. Pat. No. 5,563,153, entitled “Sterile Topical Anesthetic
Gel”, issued to Mueller, D., et al., for a description of a
pharmaceutically acceptable gel-based topical carrier.)

In general, the gelsolinis present in a topical formulation in
an amount ranging from about 0.01% to about 30.0% by
weight, based upon the total weight of the composition. Pref-
erably, the gelsolin is present in an amount ranging from
about 0.5 to about 30% by weight and, most preferably, the
gelsolin is present in an amount ranging from about 0.5 to
about 10% by weight. In one embodiment, the compositions
of the invention comprise a gel mixture to maximize contact
with the surface of the localized pain and minimize the vol-
ume and dosage necessary to alleviate the localized pain.
GELFOAM® (a methylcellulose-based gel manufactured by
Upjohn Corporation) is a preferred pharmaceutically accept-
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able topical carrier. Other pharmaceutically acceptable carri-
ers include iontophoresis for transdermal drug delivery.

The invention also contemplates the use of kits. In some
aspects of the invention, the kit can include a pharmaceutical
preparation vial, a pharmaceutical preparation diluent vial,
and gelsolin. The vial containing the diluent for the pharma-
ceutical preparation is optional. The diluent vial contains a
diluent such as physiological saline for diluting what could be
a concentrated solution or lyophilized powder of gelsolin.
The instructions can include instructions for mixing a par-
ticular amount of the diluent with a particular amount of the
concentrated pharmaceutical preparation, whereby a final
formulation for injection or infusion is prepared. The instruc-
tions may include instructions for treating a subject with an
effective amount of gelsolin. It also will be understood that
the containers containing the preparations, whether the con-
tainer is a bottle, a vial with a septum, an ampoule with a
septum, an infusion bag, and the like, can contain indicia such
as conventional markings which change color when the
preparation has been autoclaved or otherwise sterilized.

The present invention is further illustrated by the following
Examples, which in no way should be construed as further
limiting. The entire contents of all of the references (includ-
ing literature references, issued patents, published patent
applications, and co-pending patent applications) cited
throughout this application are hereby expressly incorporated
by reference.

EXAMPLES

Plasma gelsolin (pGSN) is a secreted protein that circulates
in the extracellular fluids of humans at concentrations aver-
aging 250 mg/l. Diverse types of tissue injury lead to pro-
longed reductions in plasma gelsolin levels. Following severe
tissue injury encountered in severe trauma, burns, sepsis,
major surgery and hematopoietic stem cell transplant
patients, declines in gelsolin (GSN) levels to approximately
less than 25% of normal precede and, therefore, predict criti-
cal care complications measured by assisted ventilation
requirements, length of intensive care unit residence and
overall hospital stays, death and specific sequelae such as
secondary lung injury (e.g. adult respiratory distress syn-
drome (ARDS), acute lung injury (ALI), multiple organ dys-
function syndromes (MODS)). Similar plasma gelsolin
reductions in animal models precede lung permeability
changes and inflammation, and infusion of recombinant
plasma gelsolin ameliorates these effects.

Example 1

Plasma Gelsolin (pGSN) Concentration is Decreased
in Patients with Rheumatoid Arthritis (RA)
Compared to Healthy Controls and Lower in
Synovial Fluid than in Blood in Patients with RA

We measured plasma gelsolin (pGSN) levels in patients
with rheumatoid arthritis (RA) to experimentally test the
hypothesis that plasma gelsolin levels fall in response to the
initial (unknown) injury inflicted by the agency causing rheu-
matoid arthritis. As shown in FIG. 1, circulating (pGSN)
levels were significantly lower in patients with RA compared
to matched healthy controls (103+23 versus 142x29,
P=0.0002, FIG. 1). pGSN levels were similar in both male
and females, and were not dependent on the age of the patients
or on the duration of arthritis. Circulating pGSN levels were
inversely correlated to the levels of C-reactive protein
(r==0.272, p=0.026).
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Materials and Methods:

Patients: Plasma and synovial fluid samples were collected
from 82 RA patients attending the Rheumatology clinics, at
Sahlgrenska University Hospital in Gothenburg, for acute
joint effusion. RA was diagnosed according to the American
College of Rheumatology criteria. At the time of synovial
fluid and blood sampling all the patients received non-steroi-
dal anti-inflammatory drugs. Recent radiographs of the hands
and feet were obtained for all the patients. Presence of bone
erosions defined as the loss of cortical definition of the joint,
was recorded in proximal interphalangeal, metacarpopha-
langeal, carpus, interphalangeal and metatarsophalangeal
joints of forefeet. Presence of one erosion was sufficient to
fulfil requirement of an erosive disease. Presence of rheuma-
toid factor of any of immunoglobulin isotypes tested (IgM,
-A, -G) was considered as positive. Control blood samples
(n=87) were obtained from the blood donors attending Blood
Transfusion Unit of Sahlgrenska University Hospital and
matching the RA patients for age and gender.

Collection and preparation of samples: Synovial fluid was
obtained from knee joints by arthrocentesis, aseptically aspi-
rated and transferred into sodium citrate (0.129 mol/l; pH 7.4)
containing tubes. Blood samples were simultaneously
obtained from the cubital vein and collected into sodium
citrate medium. Collected blood and synovial fluid samples
were centrifuged at 800 g for 15 minutes, aliquoted, and
stored frozen at —70° C. until use.

Measurement of pGSN concentration in plasma and syn-
ovial fluid by pyrene actin-nucleation assay: pGSN is acti-
vated by calcium and binds two actin monomers to form a
nucleus from which actin polymerizes in pointed (slowest
growing) end direction. Pyrene actin was prepared by deriva-
tizing actin with N-pyrenyliodoacetamide (Molecular
Probes, Eugene Oreg.). Before use pyrene actin was diluted in
depolymerization buffer (Buffer A: 0.5 mM ATP, 5 mM
[p-mercaptoethanol, 0.2 mM Tris, 0.2 mM CaCl,, pH 7.4) to
20 uM, stored 1 h at 37° C. to reach monomer equilibrium and
centrifuged at 250,000 g, 4° C. for 30 minutes, in an
Optima™ TL Ultracentrifuge (Beckman) to pellet any rem-
nant filamentous actin. The supernatant was withdrawn and
stored in an ice water bath until used. Platelet poor plasma to
be analyzed was diluted 1:5 in buffer B (0.1 M KCl, 0.2 mM
MgCl,, 0.2 mM CaCl,, 0.5 mM ATP, 10 mM Tris, 0.5 mM
mercaptoethanol, pH 7.4). Pyrene actin fluorescence was
recorded using a luminescence fluorometer (FluoroMax-2®,
JobinYvon-Spex Instruments S.A., Inc). Excitation and emis-
sion wavelengths were 366 and 386 nm, respectively. Pyrene
actin was added to a final concentration of 1 uM in 280 pl
buffer B containing 0.4 uM phalloidin, 1.5 mM CaCl, and 5 ul
of diluted sample in 6x50 mm borosilicate glass culture tubes
(Kimble). Nucleation was monitored over 240 s in the fluo-
rometer following a fast vortex. The linear slope of the fluo-
rescence increase was calculated between 100-200 s. All the
samples were run in duplicates. Polymerization rate in each
sample was converted to pGSN concentration by use of a
standard curve of recombinant human pGSN.

Statistics: The level of pGSN in the blood and synovial
fluid samples were expressed as mean+SD. Comparison
between the matched blood and synovial fluid samples were
analyzed by the paired t-test. Comparison of pGSN levels was
also performed between the patient blood samples and the
healthy controls. For further comparison patient material was
stratified according to radiological findings (erosive RA vs.
non-erosive RA). Differences in pGSN levels in the blood and
synovial fluid between the groups were calculated separately
employing the Mann-Whitney U test. For the evaluation of
possible influence of the ongoing treatment on the pGSN
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levels, patient material was stratified according to DMARD
treatment (treated vs. untreated). Comparison between the
groups was performed using the Mann-Whitney U test. Forall
the statistical evaluation of the results, P-values below 0.05
were considered statistically significant.

Example 2

The Gelsolin Isoform Present in Synovial Fluid (SF)
of RA Patients is the Plasma Isoform of Gelsolin
(pGSN)

Since gelsolin is produced as both an intracellular and
extracellular isoform, each of which have the capacity to
induce actin polymerization, we analyzed the origin of the
gelsolin activity by immunoblotting with an antibody specific
for the plasma isoform (a-pGSN). Gelsolin present in SF is
composed mainly of the plasma isoform (FIG. 2). Plasma
origin of gelsolin was also supported by a correlation between
gelsolin levels in plasma and synovial fluid in the matched
pair of samples (r=0.39, p=0.0006). However, pGSN activity
in the SF samples from RA patients were significantly lower
than that of plasma (pg/ml, 69£18 vs. 103£23, p=0.04) indi-
cating local consumption.

Materials and Methods

Immunoblotting: The platelet poor plasmas or synovial
fluids were diluted 1:100 in 1x sample bufter (SB, 20% glyc-
erol, 4.6% Tris, 0.25 M Tris-HCl, 0.01% Bromphenol blue,
10% v/v 2-Mercaptoethanol, pH 6.8) for test of gelsolin iso-
form, vortexed briefly and boiled at 100° C. for 10 minutes.
Samples (10 pul) were run on 10% SDS-PAGE (sodium dode-
cylsulfate polyacrylamide gelelectrophoresis) gels in a modi-
fied Laemmli system. Platelet lysate (2x10°8/ml, 5 pl) and
human recombinant pGSN were run as negative and positive
controls for pGSN respectively. Proteins were separated for
1.5 hour at 120V. Immobilon P membranes (PVDE, 0.45 um;
Millipore Corp., Bedford, Mass.) were soaked in methanol
for 1 minute and transfer buffer (192 mM glycine, 25 mM
Tris, 0.1% Sodium Dodecyl Sulfate, 20% Methanol) for 5
minutes, before transfer. The transfer was carried out at vari-
able voltage, 1A for 90 minutes. The membranes were
blocked overnight in PBS containing 0.05% Tween-20, 5%
Carnation nonfat dry milk and 0.05% sodium azide pH 7.4 at
4° C. For pGSN a polyclonal antibody specific for the human
plasma isoform was used (1:2000, 2 h, produced in the lab).
For all isoforms of GSN a primary monoclonal 2c4 anti-
gelsolin antibody was used (1:2500, 2 h, produced in the lab).
Secondary antibodies used were rabbit-anti-mouse IgG
(H+L)-HRP (1:5000, 80 min) and goat-anti-mouse IgG
(H+L)-HRP conjugate respectively (1:3300, 80 min, Bio-
Rad, Hercules, Calif.). Membranes were washed 3 times in
PBS containing 0.05% Tween-20 between incubations.

Chemiluminescence detection was done using SuperSig-
nal® West Pico Chemiluminescent Substrate for detection of
HRP (PIERCE, Rockford, IIl.). The membranes were
exposed to 2 ml each of SuperSignal® West Pico Stable
Peroxide Solution and SuperSignal® West Pico Luminol/
Enhancer Solution for 2 minutes. HyBlot CL autoradiogra-
phy film (Denville Scientific, Inc., Metuchen, N.J.) was
exposed to the membrane for 1 minute in a FBXC 810 auto-
radiography cassette (FiseherBiotech, Pittsburgh, Pa.). The
film was developed using a M35A X-OMAT Processor
(Kodak).
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Example 3

pGSN is Decreased at Early Stages of an
Experimental Mouse Model of Septic
Arthritis/Sepsis

Levels of circulating pGSN were decreased both during
streptococcal and staphylococcal infection. This decrease
occurred early during the time course of disease, beginning 2
days post-bacterial inoculation both in arthritic and septic
groups of animals. Prior to injection (day 0), the average
pGSN level of the mice was 20020 mg/L.. By day 2 pGSN
levels decreased to 138+16 mg/LL for the arthritic Staphylo-
coccus aureus (S. aureus) treated (7x10°6 cfu/mouse) ani-
mals, 157x15 mg/L. for the septic S. aureus injected animals
(3.5%x10°7 cfu/mouse), and 152+15 mg/L, for the animals
injected with Streprococcus agalactiae (Str. agalactiae)
(1x10™7 cfu/mouse). The pGSN levels at day 9 were 141£21,
15115, and 124£13 mg/L, respectively. Only the animals
injected with streptococcal bacteria displayed further
decrease of the circulating pGSN levels at day 9. pGSN
decrease was not related to the intensity of the infection since
pGSN concentrations following administration of septic
doses (5 times higher than the arthritic ones), which result in
higher mortality, were not lower than those observed in the
arthritic-dosed mice.

Materials and Methods

Induction of S. aureus arthritis and sepsis: Female 5-6
weeks old NMRI mice were purchased from ALAB (Stock-
holm, Sweden) and maintained in the animal facility of the
Department of Rheumatology, University of Goteborg. They
were housed 10-11 animals per cage under standard condi-
tions of temperature and light and fed standard laboratory
chow and water ad libitum. S. aureus, strain L.S-1, originally
isolated from a swollen joint of a spontaneously arthritic
NZBxW mouse, strain Newman, as well as Stz agalactiae
strain 6313, a clinical isolate belonging to serotype 111, were
used for the induction of septic arthritis and sepsis. Bacteria
were kept frozen at —20° C., in PBS (0.13 M sodium chloride,
10 mM sodium phosphate, pH 7.4), containing 5% BSA and
10% dimethy] sulfoxide, until used. Before the injection, the
bacterial solution was thawed, washed twice with PBS, and
adjusted with PBS to the desired concentration. Mice were
injected into the tail vein with a suspension of S. aureus or Str.
agalactiae in 0.2 ml PBS. Viable counts in the leftover solu-
tion were determined to check the exact number of bacteria
injected and presented as colony forming units (cfu/ml).

All the mice were monitored individually during the obser-
vation period of 8-9 days by assessment of joint appearance,
weight, general appearance, alertness, and skin abnormali-
ties. Blood samples were obtained from the tail vein in a
sterile tube without anticoagulant and remained to clot for 6-8
hours. The samples were centrifuged at 3000xg for 15 min,
serum was aliquoted and kept frozen at 70° C. until used.

Experimental protocol: twenty mice obtained intrave-
nously (i.v.) a septic (LS-1, 4x107 cfu/mouse, n=10) or arthri-
togenic (7x10° cfu/mouse, n=10) dose of S. aureus. Addi-
tional 10 mice obtained intravenously a septic dose of St
agalactiae (1x107 au/mouse). On days -3, 2,4, 6, and 9 blood
samples were collected by the tail vein incision for the deter-
mination pGSN levels. On day 9 all mice were sacrificed by
cervical dislocation. pGSN level was determined with the
same method as for the human samples (pyrene actin nucle-
ation assay).
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Example 4

pGSN Supplementation to Mice Delays
Development of Arthritis

Supplementation of mice with recombinant gelsolin was
performed over 7 days with 24 h interval starting immediately
before bacterial inoculation (4x107/ml). Five mice received
gelsolin while 7 mice received PBS and were used as controls.
During the first 9 days of staphylococcal infection no differ-
ence was observed in gelsolin-treated and the control groups
with respect to weight loss, survival rate or development of
arthritis. However, fewer of the gelsolin-treated mice devel-
oped arthritis on day 3 (1 treated vs 4 non-treated—See Table

1.

TABLE 1

Dynamics of weight, survival and development of arthritis in

NMRI mice infected intravenously with S. aureus.

Day 1 Day3 Day5 Day7 Day9 Day?28
Gel- 31.5g 300g 272g 253g 257g 30.8g Mean
solin weight
PBS 31.2 28.5 27.7 229 254 324 Mean
con- weight
trols

5G/7C  5G/7C 5G/7C 5G/7C 3G/6C  2G/6C  Survival

1G/0C  1G/A4C  2G/AC  3G/AC 2G/1C 2G/2C Arthritis
G = plasma gelsolin,
C = Control.
Materials and Methods

Twelve mice were injected intravenously (i.v.) with a septic
dose of S. aureus (Newman, 4x107 cfu/mouse). Five mice
received recombinant human pGSN intra-peritoneally (i.p.)
during days 0-7 and the remaining 7 mice received PBS. The
mice were monitored individually up to day 28 and signs of
arthritis, weight, general appearance, and alertness were fol-
lowed.

Recombinant pGSN was produced in E. coli, refolded with
GSSG, formulated in 0.1 M NaCl and 1 mM CaCl, by Bio-
gen-Idec, Inc. (Cambridge, Mass.) and keptat —=70° C. priorto
use. Mice were injected with recombinant pGSN ip. (6
mg/mouse) one hour prior to the bacterial challenge and
continued with 24-hours interval (3 mg/mouse) during 7
days. The controls received a corresponding volume of PBS.

Example 5

The hypothesis that administration of gelsolin could
impact upon the inflammatory processes is tested in a rodent
model of collagen induced arthritis (CIA), an autoimmune
model that resembles rheumatoid arthritis. CIA is inducible in
inbred DBA/1 male mice by priming intradermally with het-
erologous or homologous collagen II (about 50 microgram)
in Freunds complete adjuvant and 2 weeks later boosting with
the same amount of collagen II in Freunds incomplete adju-
vant. The arthritis develops approximately 3 weeks after the
priming dose and reaches its maximum within 8 weeks post
priming. The mice have high levels of collagen II specific
antibodies, collagen II specific T cells as well as signs of
systemic inflammation (e.g. production of 1L.-6, TNF etc).
Locally in the joints one observes both overwhelming inflam-
matory infiltrates (consisting of T cells, macrophages, neu-
trophils and fibroblasts) as well as severe destruction of car-
tilage and subchondral bone. These features mimic well the
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process seen in human rheumatoid arthritis (Myers et al., Life
Sciences 61, p 1861-1878, 1997).

In a therapeutic test one set of test animals receives, for
example, subcutaneously 8 mg of bovine serum albumin or 8
mg human recombinant plasma gelsolin once on day ten from
the start of therapy (1x) or three doses on days 2, 5 and 10
(3x). This route of administration and dosing has previously
been shown to raise gelsolin levels depleted 50% by sepsis to
normal. Several parameters of the disease (e.g., clinical signs
and symptoms, onset, progression, severity, and remission of
symptoms) are measured.

In summary, our findings support the two aspects of the
hypothesis posed, namely, that reductions in plasma gelsolin
levels precede manifestations of inflammatory diseases such
as rheumatoid arthritis and that systemic treatment with
plasma gelsolin prevents and/or suppresses these manifesta-
tions. One clinical correlate of these observations is that serial
monitoring of plasma gelsolin levels could become part of the
management strategy of inflammatory diseases such as rheu-
matoid arthritis, flagging when to intensify therapy. Another
correlate is that prophylactic elevation of plasma gelsolin
levels might protect patients from the sequelae of inflamma-
tion.

Although not intending to be bound by any particular
mechanism or theory, it is presumed that plasma gelsolin is
depleted from the blood during inflammatory diseases (such
as rheumatoid arthritis (RA)) and is localized or sequestered
at the site of injury/inflammation (the joint space in rheuma-
toid arthritis). It is believed that plasma gelsolin functions at
the site of inflammation by binding to inflammatory media-
tors and prevents them from causing further damage by inhib-
iting their actions on cellular receptors. This is supported by
the fact that plasma gelsolin in vitro binds to some inflamma-
tory mediators such as lysophosphatidic acid (LPA), AP
(Alzheimer) peptide, diadenosine 5',5''-P1,P3-triphosphate
(Ap3A), fibronectin, fibrinogen and lipopolysaccharide
(LPS) and decreases certain cellular responses to platelet
activating factor (PAF). Additionally, damaged cells at the
inflamed joint release actin and gelsolin binds to actin. Gelso-
lin may have a protective role by severing filamentous actin
that might otherwise be, toxic. We believe that gelsolin has an
anti-inflammatory effect, but when the inflammation is severe
and prolonged as in RA, gelsolin supplementation might be
beneficial in reducing or treating the inflammation. Seques-
tration or recruitment of gelsolin to the site of inflammation
(such as the joint space in rheumatoid arthritis) could explain
why the plasma levels are reduced although other explana-
tions are also possible.

EQUIVALENTS

The foregoing written specification is considered to be
sufficient to enable one ordinarily skilled in the art to practice
the invention. The present invention is not to be limited in
scope by the example(s) provided, since the example(s) are
intended as mere illustrations of one or more aspects of the
invention. Other functionally equivalent embodiments are
considered within the scope of the invention. Various modi-
fications of the invention in addition to those shown and
described herein will become apparent to those skilled in the
art from the foregoing description. Each of the limitations of
the invention can encompass various embodiments of the
invention. It is, therefore, anticipated that each of the limita-
tions of the invention involving any one element or combina-
tions of elements can be included in each aspect of the inven-
tion. This invention is not limited in its application to the
details of construction and the arrangement of components
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set forth or illustrated in the drawings. The invention is
capable of other embodiments and of being practiced or of
being carried out in various ways.

Also, the phraseology and terminology used herein is for
the purpose of description and should not be regarded as
limiting. The use of “including,” “comprising,” or “having,”
“containing”, “involving”, and variations thereof herein, is
meant to encompass the items listed thereafter and equiva-
lents thereof as well as additional items.

All references, patents and patent applications that are
recited in this application are incorporated by reference
herein in their entirety.

We claim:

1. A method for treating a subject having an inflammatory
disease comprising:

administering to a subject in need of such a treatment an

effective amount of plasma gelsolin to treat the subject,
wherein the inflammatory disease is rheumatoid arthritis
or inflammatory bowel disease.

2. The method of claim 1, wherein the subject is otherwise
free of indications calling for treatment with gelsolin.

3. The method of claim 1, wherein the inflammatory dis-
ease is rheumatoid arthritis.

4. The method of claim 1, wherein the inflammatory dis-
ease is inflammatory bowel disease.

5. A method for treating a subject having an inflammatory
disease comprising:

administering to a subject in need of such a treatment an

effective amount of plasma gelsolin to raise the level of
gelsolin in the subject above a predetermined value,
wherein the inflammatory disease is rheumatoid arthritis
or inflammatory bowel disease.

6. The method of claim 5, wherein the subject is otherwise
free of indications calling for treatment with gelsolin.

7. The method of claim 5, wherein the predetermined level
of gelsolin is a level of gelsolin in an apparently healthy
control population.

8. The method of claim 5, wherein the predetermined value
of gelsolin is about 250 mg/L. of plasma or higher.

9. The method of claim 5, wherein the inflammatory dis-
ease is rheumatoid arthritis.

10. The method of claim 5, wherein the inflammatory
disease is inflammatory bowel disease.

11. A method for treating a subject to reduce the risk of an
inflammatory disease comprising:

(1) selecting a subject who has a below-normal level of

gelsolin and

(i1) administering to the subject plasma gelsolin and/or a

second agent in an effective amount to reduce the risk of
the subject developing the inflammatory disease,
wherein the inflammatory disease is rheumatoid arthritis
or inflammatory bowel disease.

12. The method of claim 11, wherein the subject is other-
wise free of indications calling for treatment with gelsolin.

13. The method of claim 11, wherein the inflammatory
disease is rheumatoid arthritis.

14. The method of claim 11, wherein the inflammatory
disease is inflammatory bowel disease.

15. A method for treating a subject to reduce the risk of an
inflammatory disease comprising:

(1) selecting a subject who has a below-normal level of

gelsolin and

(i1) administering to the subject plasma gelsolin and/or a

second agent in an effective amount to raise the level of
gelsolin in the subject above a predetermined value,
wherein the inflammatory disease is rheumatoid arthritis
or inflammatory bowel disease.
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16. The method of claim 15, wherein the subject is other-
wise free of indications calling for treatment with gelsolin
and/or is apparently healthy.

17. The method of claim 15, wherein the inflammatory
disease is rheumatoid arthritis. 5
18. The method of claim 15, wherein the inflammatory

disease is inflammatory bowel disease.
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